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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to Semaphorin Y, a novel Semaphorin belonging to the Semaphorin family, and 
use of Semaphorin Y for pharmaceutical or diagnostic agents or laboratory reagents. More particularly, it relates to 
Semaphorin Y inhibiting neurite outgrowth, and a gene therefor, as well as other Semaphorins hybridizing to said Sem- 
aphorin Y gene, modified proteins or partial peptides of said Semaphorin Y, antibodies against said Semaphorin Y, anti- 
sense nucleotides against said Semaphorin Y gene, antagonists of said Semaphorin Y, transgenic animals, and their 

w use as pharmaceutical or diagnostic agents or laboratory reagents. 

BACKGROUND ART 

[0002] It is widely known that a central nervous system (CNS)-neuron in higher organisms such as human is not capa- 

75 ble of regeneration once injured. Therefore, one who has received an injury on his (her) spinal cord due to, for example, 
a traffic accident, is compelled to spend the rest of his (her) life in a hemiplegic state. On the contrary, it is known that 
a peripheral nervous system (PNS)-neuron retains a vigorous regeneration ability even in those higher organisms, and 
therefore, neurons in a limb, when disconnected, can gradually regenerate with a concomitant recovery of their function. 
[0003] In the early nineteen-eighties, a group of Aguayo et al. found that when PNS-neuron is experimentally grafted 

20 into an injured CNS-neuron in a higher organism, axon growth of CNS-neuron is induced. This observation demon- 
strates that CNS-neuron in higher organisms which had been generally considered not to have a regeneration ability 
can regenerate if a suitable environment is provided (Nature, 284, 264-265 (1980), Science, 214, 931-933 (1981)). 
That report suggests a possibility that in CNS of higher organisms, there may exist a factor, namable "CNS-neuron 
regeneration inhibitor", which inhibits the regeneration of CNS-neuron, and that a release from such inhibition may 

25 allow the regeneration of CNS-neurons, This suggestion paved the way for a CNS-neuron regeneration therapy. 

[0004] In 1988, a group of Schwab et al. demonstrated that there exited such CNS-neuron regeneration inhibitor 
among proteins derived from CNS myelin. They also succeeded in purifying, though partially, a protein having said 
CNS-neuron regeneration inhibition activity, and named this protein fraction NI35/250 (Annu. Rev. NeuroscL, 16, 565- 
595 (1993)), although no one has succeeded in its isolation, identification and gene cloning yet. In addition, they immu- 

30 nized animals with the partial purified NI35/250, and succeeded in obtaining an antibody (IN-1) having a neutralizing 
activity, This antibody is capable of recognizing a band for NI35/250 in Western blotting, and capable of staining, in an 
immunostaining, the region to which NI35/250 is supposed to be distributed. Furthermore, they demonstrated that 
administration of this antibody to an animal experimentally received an injury on its spinal cord has promoted regener- 
ation of axons in spinal cord, though partially, within 2-3 weeks, and restored its function within 2-3 months {Nature, 

35 269-272 (1990). Nature, 37£, 498-501 (1995)). These findings are of great value, because they experimentally 

demonstrated that there existed a CNS-neuron regeneration inhibitor as suggested by Aguayo et al. {supra) and that 
CNS-neuron can be regenerated by inhibiting the activity of said inhibitor, The above antibody is, however, directed not 
to human but to rat NI35/250, and exhibits a low stability and specificity. In addition, although regeneration of CNS-neu- 
ron was observed as described above by administering said antibody, its effect was so partial and incomplete that not 

40 all of the motor functions could be restored. It is, therefore, believed essential in solving these problems to identify the 
gene for NI35/250 or corresponding CNS-neuron regeneration inhibitor, and, based on knowledges of molecular biol- 
ogy, neuroscience and the like, develop an antagonist more effectively inhibiting the CNS-neuron regeneration inhibition 
activity, or develop a method for inhibiting the expression of the gene for said regeneration inhibitor. 
[0005] Apart from the above, the nervous system, whether it is central or peripheral, requires formation of a compli- 

45 cated neural network among neurons or between neurons and peripheral receivers or effectors during development, 
that is, in the stage of embryo or fetus, in order to precisely carry out its principal functions, le. % to transfer and process 
the information, To establish the neural network, an ingenious mechanism is necessary, which precisely guides a grow- 
ing neurite to the target site locating remote therefrom. 

[0006] It has been hitherto believed that a factor which positively controls the neurite outgrowth, such as neurite 
so growth promoter and neurite growth attractant may play a major role in the formation of the neural network. However, it 
is now being demonstrated by recent studies an the mechanism of the network formation that the opposite factor, that 
is, a negative factor having an outgrowth inhibition activity is important for an accurate guidance {Cell, 7§, 353-356 
(1994)). ( 

[0007] A representative factor having such an outgrowth inhibition activity is a protein called "Semaphorin". Sema- 
55 phorin firstly discovered is Fasciclin IV found in grasshopper. Collapsin (latterly named Collapsin I) was subsequently 
discovered in chick (Cell, 75, 217-227 (1993); Neuron, 9, 831-845 (1992)). To date, more than 10 genes belonging to 
the Semaphorin family have been reported in a wide range of species covering insects such as drosophila and beetle, 
human, and viruses {Cell, fiL 471-474 (1995)). These Semaphorins characteristically contain in their amino acid 
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sequences similar structures called semaphorin domains each consisting of about 500 amino acids (Neuron, U, 941- 
948 (1995); Ceil, m, 1389-1399 (1993)). However, the homologies of the primary amino acid sequences in semaphorin 
domains among these Semaphorin genes are 80-20%, and not necessarily high. 

[0008] Of these Semaphores, functions have been verified for only a few, including, for example, Fasciclin IV of grass- 

5 hopper, Semaphorins I and II of drosophila, Collapsin of chick, and Semaphorin III which corresponds to Collapsin in 
mammals. All of these Semaphorins are known to inhibit neurite outgrowth or synapsis formation. In particular, Sema- 
phorin III has been reported to have an activity collapsing in a short time the growth cone of cultured neuron (growth- 
cone collapse activity) in vitro (Neuron, 14, 941-948 (1995); Neuron, 14, 949-959 (1995); Ceil, 81, 631-639 (1995)- 
Cell, 75, 1389-1399 (1993); Cell, 75, 217-227 (1993); Neuron, £ 831-845 (1992)). 

10 [0009] Although it is now being demonstrated, as described above, that known Semaphorins have a growth-cone col- 
lapse activity and a neurite outgrowth inhibition activity during development, and play a role in giving an accurate guid- 
ance to neuron, it is not evident at present whether or not their Semaphorins exert some function not only during 
development but also in the adult, and less evident whether or not Semaphorins play a role as a CNS-neuron regener- 
ation inhibitor. Of course, since known Semaphorins have been shown to be a negative guidance factor inhibiting neu- 

is rite outgrowth, it would not be unreasonable to consider said Semaphorins as a candidate for a CNS-neuron 
regeneration inhibitor (Nature, 27§, 439-440 (1995)). However, it has been shown by in vitro experiments that Sema- 
phorin III (Sema III), only one Semaphorin of higher organisms of which function has been analyzed, exerts its neurite- 
outgrowth inhibition activity on a sensory neuron and sympathetic neuron both of which are peripheral, but not on a ret- 
inal neuron which is central (Cell, 75, 217-227 (1993)). In addition, Northern analysis on the distribution of Sema III 

20 expression in the adult conducted by the present inventors has revealed that it is expressed mainly in peripheral tissues 
(see Reference example 2 below). It is therefore hardly believed that Sema III having such features has a function as a 
CNS-neuron regeneration inhibitor. 



PROBLEM TO BE SOLVED BY THE INVENTION 

25 

[001 0] The present invention aims to provide Semaphorin Y, a novel Semaphorin belonging to the Semaphorin family, 
and a gene therefor, and to provide pharmaceutical agents for neural diseases, in particular for regeneration of CNS- 
neuron, and related diagnostic agents or laboratory reagents. More specifically, the present invention aims to provide 
Semaphorin Y inhibiting neurite outgrowth and a gene therefor, as well as other Semaphorins hybridizing to said Sem- 
30 aphorin Y gene, modified proteins or partial peptides of said Semaphorin Y, antibodies against said Semaphorin Y, anti- 
sense nucleotides against said Semaphorin Y gene, and use of such substances as pharmaceutical or diagnostic 
agents or laboratory reagents. The present invention further aims to provide a method of screening for Semaphorin Y 
antagonists empolying said Semaphorin Y, Semaphorin Y antagonists obtained by said screening method, pharmaceu- 
tical agents comprising such antagonists, and transgenic animals involving Semaphorin Y. 

35 

MEANS OF SOLVING THE PROBLEM 



[0011] In order to provide pharmaceutical agents for neural diseases, in particular for regeneration of CNS-neuron, 
and related diagnostic agents or laboratory reagents, the present inventors have planed to identify a novel Semaphorin 

40 which has not yet been cloned. In particular, the present inventors have paid their attention to the similarity between the 
in vitro activities of the above-described NI35/250 and Semaphorin, i.e., to the fact that NI35/250 has a growth-cone 
collapse activity and a neurite-growth inhibition activity in vitro (J. NeuroscL, 8, 2381-2393 (1988); Science, 259 . 80 
(1993)), while known Semaphorins similarly possess a neurite-growth inhibition activity, and particularly Semaphorin III 

has-aiso a-growth-cone-collapse atfivrty-TN Semaphorins" 

45 which have not yet been identified may include the one inhibiting regeneration of CNS-neuron. Specifically, the present 
inventors' idea was that Semaphorin, which is characterized in that 1) it is widely expressed throughout the CNS of adult 
where regeneration of neuron (or neurite outgrowth) is inhibited, but 2) it is poorly expressed in other tissues such as 
peripheral tissues in the adult, has not been identified yet, and if one can identify a new unknown Semaphorin having 
such characteristics, the Semaphorin might be involved in inhibition of regeneration of CNS-neuron. 

so [0012] First of all, the inventors have closely searched DNA database on the basis of the amino acids sequence rel- 
atively well conserved among previously reported Semaphorin genes. Specifically, a DNA sequence has been 
searched through EST (Expressed Sequence Tags) database, which is a gene not expressed in peripheral tissues but 
expressed in the postnatal brain and which encodes an amino acid sequence relatively well conserved among Sema- 
phorins, As a consequence, a DNA fragment R59527 was identified, which encodes, as a partial sequence, a sequence 

£5 consisting of seven amino acids: Gin (or Arg)-Asp-Pro-Tyr-Cys-Ala (or Gly)-Trp. The R59527 gave a sequence informa- 
tion as to only 238 bases, and furthermore only several percent thereof could be translated into an amino acid 
sequence common to those of known Semaphorins. In addition, the reading frame could not be determined because of 
the presence of sequence not definitely determined in R59527. It was, therefore, utterly impossible at that stage to con- 
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elude that the base sequence of R59527 is part of a novel Semaphorin. We have, however, finally succeeded in cloning 
a novel Semaphorin gene by carrying out the following procedures: synthesizing DNA primers on the basis of that 
sequence information; conducting PCR with said primers using cDNAs prepared from a human hippocampal cDNA 
library as templates to obtain a novel DNA fragment (SEQ ID NO: 7) consisting of 170 bases; labeling the DNA frag- . 
5 ment with 32 P to synthesize a DNA probe; and screening rat and human cDNA libraries with that probe. We named this 
novel Semaphorin "Semaphorin Y'\ 

[0013] Subsequent analysis revealed that Semaphorin Y is a novel Semaphorin at which we aimed, since it was 
widely expressed in CNS in the adult, whereas among peripheral tissues the expression could be observed only in lim- 
ited tissues. 

to [001 4] Semaphorin Y of the present invention having such characteristics appears to be involved in inhibition of regen- 
eration of CNS-neuron in the adult. Semaphorin Y may be used to screen for Semaphorin Y antagonists, and antago- 
nists identified in such screening system are expected to promote regeneration of CNS-neuron. Similarly, antisense 
DNAs or RNAs against Semaphorin Y gene are also expected to promote regeneration of CNS-neuron as the above 
antagonists do. 

75 [001 5] In addition, in view of the fact that Semaphorin Y of the present invention inhibits neurite outgrowth, it may be 
used as a therapeutic or diagnostic agent for pains or immune diseases such as atopic dermatitis, by administering it 
to peripheral tissues, which results in the inhibition of neurite outgrowth of PNS-neuron. Furthermore, Semaphorin Y is 
a novel Semaphorin belonging to the Semaphorin family of which expression distribution is unconventionally character- 
istic as described above, and also has a characteristic in that it does not contain any Ig domains commonly found 

20 among hitherto reported Semaphorins of vertebrates. Semaphorin Y may, therefore, serve as an important research 
material or a laboratory reagent. 

[001 6] The present invention has been completed on the basis of the above findings. 
[0017] Thus, the gist of the present invention is as follows: 

25 (1) a gene encoding the following protein (a) or (b): 

(a) Semaphorin Y protein comprising the amino acid sequence shown in SEQ ID NO: 3 or 6, 

(b) a protein which comprises an amino acid sequence wherein one or more amino acids are deleted, substi- 
tuted and/or added in the amino acid sequence shown in SEQ ID NO: 3 or 6, and which protein inhibits neurite 

30 outgrowth; 

(2) a gene comprising the following DNA (a) or (b): 

(a) Semaphorin Y DNA comprising the base sequence shown in SEQ ID NO: 1, 2, 4, or 5, 
35 (b) DNA which hybridizes under stringent conditions to DNA comprising the base sequence shown in SEQ ID 

NO: 1,2,4, or 5, and which encodes a protein inhibiting neurite outgrowth; 

(3) a gene comprising DNA which hybridizes under stringent conditions to DNA comprising the base sequence 
shown in SEQ ID NO: 7, and which encodes a protein having a semaphorin domain; 

40 (4) a protein obtained by expressing the gene of any one of the above items (1) to (3); 

(5) a gene comprising DNA which encodes a protein comprising an amino acid sequence in which one or more 
amino acids are deleted, substituted and/or added in the protein shown in SEQ ID NO: 3 or 6, wherein said protein 
promotes neurite outgrowth; 

(6) a protein obtained by expressing the gene of the above item (5); 

45 (7) DNA which is cloned from a human cDNA library or a human genomic library, and which hybridizes under strin- 
gent conditions to DNA comprising at least part of DNA consisting of the base sequence shown in SEQ ID NO: 1 
or 4; 

(8) an expression plasmid which expresses either the gene of any one of the above items (1) to (3) and (5), or DNA 
of the above item (7); 

so (9) a transformant transformed with the expression plasmid of the above item (8); 

(10) a process for producing a recombinant protein, which process comprises culturing the transformant of the 
above item (9), and recovering the recombinant protein expressed; 

(1 1) a peptide comprising at least six amino acids of the protein of the above item (4) or (6); 

(12) a peptide of the above item (1 1) which promotes neurite outgrowth; 

55 (13) a peptide of the above item (11) characterized in that it contains aspartic acid residue at position 198 of the 
amino acid sequence shown in SEQ ID NO: 6 or an amino acid residue corresponding to the position of said aspar- 
tic acid residue; 

(14) an antisense nucleotide, or chemically modified variant thereof, which is directed against a segment compris- 
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ing at least eight or more bases in the gene of any one of the above items (1) to (3), or in DNA of the above item (7); 

(15) an antisense nucleotide or chemically modified variant thereof of the above item (14), characterized in that it 
inhibits expression of the protein of the above item (4); 

(1 6) an antibody against the protein of the above item (4) or (6), or against the peptide of any one of the above items 
(11) to (13); 

(17) a pharmaceutical agent comprising, as an active ingredient, the gene of any one of the above items (1) to (3) 
and (5), DNA of the above item (7), the protein of the above item (4) or (6), the peptide of any one of the above 
items (1 1) to (13), the antisense nucleotide or chemically modified variant thereof of the above item (14) or (15), or 
the antibody of the above item (16); 

10 (18) a method of screening for Semaphorin Y antagonists, characterized in that it employs the protein of the above 
item (4); 

(19) Semaphorin Y antagonist obtained by the screening method of the above item (18); 

(20) Semaphorin Y antagonist of the above item (1 9) which comprises the protein of the above item (6), the peptide 
of any one of the above items (11) to (13), or the antibody of the above item (16); 

is (21) a CNS-neuron regeneration promoter, characterized in that it contains at least one of the antisense nucle- 
otides or chemically modified variants thereof of the above item (14) or (15), or Semaphorin Y antagonists of the 
above item (19) or (20); 

(22) a neurite outgrowth inhibitor for PNS-neuron, characterized in that it contains at least one of the proteins of the 
above item (4); and 

20 (23) a transgenic animal in which either the gene of any one of the above items (1) to (3) and (5), or DNA of the 
above item (7) has been artificially inserted into its chromosome, or has been knocked out. 

MODE FOR CARRYING OUT THE INVENTION 

25 [0018] The 1st embodiment of the present invention is a gene which encodes Semaphorin Y comprising the amino 
acid sequence shown in SEQ ID NO: 3 or 6, or a gene encoding a protein which comprises an amino acid sequence 
wherein one or more amino acids are deleted, substituted and/or added in the amino acid sequence of the above Sem- 
aphorin Y, and which protein inhibits neurite outgrowth. The 2nd embodiment of the present invention is Semaphorin Y 
gene comprising the base sequence shown in SEQ ID NO: 1,2,4, or 5, or a gene which hybridizes under stringent con- 

30 ditions to such Semaphorin Y gene and which encodes a protein inhibiting neurite outgrowth. These genes are 
explained below in order. 

1) Gene Encoding Semaphorin Y (Semaphorin Y Gene) 

35 [0019] Of the above-mentioned genes, "a gene which encodes Semaphorin Y protein comprising the amino acid 
sequence shown in SEQ ID NO: 3" or " Semaphorin Y gene comprising the base sequence shown in SEQ ID NO: 1 or 
2" is a gene encoding the rat Semaphorin Y of the present invention, while "a gene which encodes Semaphorin Y pro- 
tein comprising the amino acid sequence shown in SEQ ID NO: 6" or " Semaphorin Y gene comprising the base 
sequence shown in SEQ ID NO: 4 or 5" is a gene encoding the human Semaphorin Y of the present invention. Among 

40 these genes, those shown in SEQ ID NOs: 2 and 5 correspond open reading frames for rat and human types of Sem- 
aphorin Y, respectively. Such genes may be cloned, as described in Example 1, by screening a cDNA library derived 
from CNS tissues using a probe (for example, a DNA probe having the base sequence shown in SEQ ID NO: 7) pre- 

pared on the basis of the sequence of "R59527" found in EST database. Particular techniques for such cloning may be 

found in the standard texts such as "Molecular Cloning, 2nd ed/\ Cold Spring Harbor Laboratory Press (1989). The 

45 base sequence of the cloned DNA may also be determined by conventional methods, for example, using a sequencing 
kit commercially available. 

[0020] Alternatively, after publication of the base sequence of rat and human Semaphorin Y cDNAs of the present 
invention, one skilled in the art can also easily clone the full-length genes encoding rat and human types of Semaphorin 

Y by using part of said cDNA as a probe, without using cloning methods as described above. 

50 

2) Gene Encoding Modified Protein of Semaphorin Y 

[0021 ] Of the above-mentioned genes, "a gene encoding a protein which comprises an amino acid sequence wherein 
one or more amino acids are deleted, substituted and/or added in the amino acid sequence of the above Semaphorin 
55 Y, and which protein inhibits neurite outgrowth" refers to a gene encoding a so-called "modified proteins" of Semaphorin 

Y which inhibits neurite outgrowth. Those skilled in the art may easily obtain a gene encoding such protein, for example, 
by site-directed mutagenesis (Methods in Enzymology, 100 . 448- (1983)) or PCR method (Molecular Cloning, 2nd ed., 
Chapter 15, Cold Harbor Laboratory Press (1989); "PCR A Practical Approach", IRL Press, 200-210 (1991)). In this 



5 

BNSDOCID. <EP 0960937A1_t_> 




EP 0 960 937 A1 

context, the number of amino acid residues to be deleted, substituted and/or added is to be such a number that permits 
the deletion, substitution and/or addition by well-known methods such as site-directed mutagenesis described above. 
[0022] For the purpose of the present invention, the phrase "inhibiting neurite outgrowth" means that the protein has 
the collapse activity on growth cone of neuron, or that the protein has the neurite-outgrowth inhibition activity, These 
5 activities may be measured with a test substance such as an expression product of DNA encoding Semaphorin Y or 
modified protein thereof, for example, in the following manner: 

[0023] Since Semaphorin Y is a membrane protein, it exists in the cell membrane of the cells transformed with Sem- 
aphorin Y gene. The activities of the above test substance may, therefore, easily be measured by using, as a test mate- 
rial, the membrane fraction of the transformed cells. 

io [0024] Examples of activity measurement include measurement of collapse activity on growth cone of neuron (M. 
Igarashi et a/., Science, vol. 259, pp. 77-79 (1993)), or measurement of neurite-outgrowth inhibition activity (e.g., J. A. 
Davies etaL, Neuron, vol. 2, pp. 1 1-20 (1990) and M. Bastmeyer, J. NeuroscL, vol. 1 1, pp. 626-640 (1991)). A method 
of measuring the growth-cone collapse activity is described in detail in literature (M. Igarashi et a/., Science, vol. 259, 
pp. 77-79 (1993)). Briefly, the measurement may be carried out by a method in which cells expressing a test substance 

15 such as Semaphorin Y is homogenized, and the homogenate containing the cell membrane fraction or the purified 
membrane fraction is used (E. C. Cox et a/., Neuron, vol. 2, pp. 31-37 (1990)), or by a method in which a protein 
extracted from the membrane fraction is reconstituted in a liposome and the liposome is used as a test material (C. E. 
Bandtlow, Science, vol. 259, pp. 80-84 (1993)). In order to measure the growth-cone collapse activity in practice using 
these materials, a test substance such as Semaphorin Y, for example, in one of the forms as describe above is added 

20 to neurons cultured under conventional conditions (e.g., "Culturing, Nerve Cells" edited by Banker et ai, MIT Press 
(1991)) in a container coated with a substance promoting the neurite outgrowth and the growth-cone formation such as 
laminin, collagen, polylysine or polyornithine, After the addition, when a sufficient time has passed to occur collapse of 
growth cone (typically from 30 minutes to one hour after the addition), those neurons are fixed with 1% glutaraldehyde 
or the like, and the number of the growth cones which have been collapsed is counted under a microscope. In this 

25 measurement, it is important that another sample is used as a control, which is prepared from cells not expressing the 
test substance such as Semaphorin Y according to the completely same procedures as those used for the test sub- 
stance-expressing cells. Typically, normalization of the samples is conducted on the basis of the total amounts of pro- 
tein included within the samples. To measure the neurite-outgrowth inhibition activity, part of the surface of a micropore 
filter or a culture container made of glass or plastics is coated with a test substance such as Semaphorin Y prepared 

30 as described above, and the activity is indicated, for example, by the inability of neurons cultured under conventional 
conditions to adhere to the coated area, or by a remarkable decrease in the rate of neurite outgrowth on the coated 
area, or by the inability of invasion of growing neurites from the outside of the coated area into the coated area because 
of its stopping on the border between the coated and non-coated areas or its avoidance from the coated area. When a 
cluster of cells expressing a test substance is co-cultured with neurons in a collagen gel, the inability of outgrowing neu- 

35 rite to enter the cluster of cells expressing the test substance may also be used as an indicator (A. Sophia et al Cell 
vol. 81, 621-629 (1995)). 

[0025] Both neurons of CNS and PNS may be used as the cells for the above activity measurements, As described 
in the section "BACKGROUND ART*, CNS in adult mammals naturally contains a large amount of regeneration (out- 
growth) inhibitor. It is, therefore, extremely difficult to measure in vivo an inhibitory effect on neurite outgrowth of CNS- 

40 neuron, and such inhibitory effect is usually measured by an in vitro method as described above, Since these in vitro 
methods each have individual characteristics, it is preferred to use more than one method to confirm the activity, 
Although preferred neurons used for a measurement of the activity are CNS-neurons such as motor neurons in spinal 
cord or motor cortex, PNS-neurons in superior cervical ganglion and dorsal root ganglion may also be used because 
NI35/250 known as a CNS-neuron regeneration inhibitor has proved to have effects such as neurite-growth inhibition 

45 and growth-cone collapse activities also on such PNS-neurons (J, CeliBioL, 106 . 1281-1288 (1988)* Science 259. 80- 
83(1993)). ' ' 

[0026] Specific examples of the modified proteins of this embodiment are described below. 

[0027] Based on the structural comparison of known Semaphores, most of the conserved amino acids are located in 
the semaphorin domain, suggesting that these conserved amino acids are essential for expression of the activity of 

so Semaphoring Furthermore, the present inventors have found that a modified Sema III protein in which aspartic acid 
residue at position 198 in its semaphorin domain has been substituted with glycine did not have the growth-cone col- 
lapse activity (see Reference example 1 below). Accordingly, the aspartic acid at position 198 of Sema III is believed 
essential for expression of the activity, The amino acid residues corresponding to this position are highly conserved in 
known Semaphorins, and they are all aspartic acid with a few exceptions in which glutamic acid is located at this posi- 

55 tion. It is, therefore, believed that the amino acid residue at this position is also essential for expression of the activity of 
Semaphorins other than Sema III. In Semaphorin Y of the present invention, the amino acid residue corresponding to 
the position 198 of Sema III is presumed to be aspartic acid at position 197 in the amino acid sequence shown in SEQ 
ID NO: 3, or aspartic acid at position 1 98 in the amino acid sequence of human Semaphorin Y shown in SEQ ID NO: 6. 
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[0028] Considering the above information, it is desirable to make the above^escribed deletions, substitutons and/or 
additions of amino acids at positions other than those conserved among Semaphoring, so as to retain the acuity of 
Semaphorin Y in modified proteins. Particularly, it is desirable not to modify the aspart,c acid at position ,197 m rat Sem- 
aphorin Y shown in SEQ ID NO: 3 and the aspartic acid at position 198 in human Semaphorin Y. In order to substitute 

. amino acids conserved among Semaphoring while retaining the activity of Semaphorin Y. it is desirable to substitute an 
am no acid having a similar side chain for the amino acid residue to be substituted. By substituting such amino acid hav- 
fng a SL side chain for a conserved amino acid, it may be possible to produce a modrfied protein which has an 
enhanced activity of Semaphorin Y. Such modified protein having the enhanced activity is highly suitable as a uneurite- 
ouljowm inhibitor for PNS-neuron as will be described hereinafter in the section of the 22nd embod.ment of the 

10 present invention. 

[0029] In the above-noted embodiment, "a conserved amino acid" refers to an amino acid located at a position at 
Emore than 50% of Semaphorin genes shown in Fig. 2 of Cell, 75, 1389-1399 (1993) or F,g. 1 of Neuron, 14. 941 - 
948 (1995) share the same amino acid. 

75 3) DNA Hybridizing Under Stringent Conditions To Semaphorin Y Gene 

[0030] Of the above-mentioned DMAs, "a gene which hybridizes under stringent conditions to Semaphorin Y gene 
and which encodes a protein inhibiting neurite outgrowth" refers to a gene such as Semaphorin Y gene derived from a 
mammal, which hybridizes under stringent conditions to rat or human Semaphorin Y gene comprismg the base 

20 [SsTA^'herein. "a gTnewhic'h n^izes under stringent conditions" refers to such a gene that hybr«izes to 
at or human Semaphorin Y gene, for example, when subjected to hybridization at a formamide concen Ration of about 
45% (v/v) and a salt concentration of about 5x SSPE arri at a temperature around 42«C. and washed a a salt concen- 
tration of about 2x SSPE and at a temperature around 42°C. Cloning of such genes may be ^>^-*"™^ * 
screening cDNA or genomic libraries prepared from various animal t-ssues using all or part o DNA shown n SEQ ID 
NO 1 or 4 as a probe. Such screening may be carried out by making reference to the standard texts such as Molecular 
Clonina 2nd ed " (Cold Spring Harbor Laboratory Press (1989)). 

foS] SpSic examples of the gene of this embodiment may include all the Semaphorin Y genes of mamma, and 
avian Between mammals or between mamma, and avian, homologous genes have quite similar andusu-. 
ally more than 80%. in many cases more than 90%. of the base sequence are common to each other. All themamma 
andTvian Semaphorin Y genes, therefore, correspond to this embodiment. In other words, those genes which have a 
homology of 80% or above, and preferably of 90% or above, are included in this embodiment 
S] \ e embodiment of the present invention is a gene comprising DNA which hybridizes under stringent con- 
ditions to DNA comprising the base sequence shown in SEQ ID NO: 7. and which encodes a protein hav,ng a sema- 

35 fo^ n ] d °™h n e above description, "DNA comprising the base sequence shown in SEQ ID NO: 7" refers to a fragment 
cloned by PCR using the sequence information of the DNA "R59527" which encodes, in part, a sequence cons.st.ng | of 
tZSSEZS* we., conserved among Semaphores (G.n (or Arg)-Asp-Pro-Tyr-Cys-A.a (or Gly)-^ and the DNA 
f raament corresponds to a region from position 1 574 to position 1 743 in the base sequence of rat Semaphorin Y shown 
Sto iTor a region From position 1524 to position 1693 in the base sequence of human Semaphorin Y shown 

[oS? ' The° ; sLg e nt conditions" refers to those conditions described above in the section of the 2nd embodiment of 

-the present-invention 



25 



30 



40 



45 



50 



SrSoZg of these DMAs is achieved by. for example, hybridization with DNA of SEQ ID NO: 7 and specifically 
SnTbe caS out. for example, according to the procedures described in T/A/S, 15, 319-323 (1992) and references 
cited therein and more specifically according to the following procedures. 

fo^Tl That is the cloning may be achieved by screening cDNA or genomic libraries prepared from var.ous animal 
Sues using DNA consisting of the base sequence shown in SEQ ID NO: 7 as a probe. The screen.ng may be earned 
oTaccorrg i ^example, the procedures as described in Example 1. Preferred cDNA libraries are 
from an adu'tissue of CNS, and cDNA .ibraries derived from hippocampus, corpus stnatum. ^ <™*^ " 
preferred. As described above, the conditions shown in Example 1 or those described .n TINS. 15. 319-323 (1992) and 
references cited therein may be used for the hybridization. ,._ 0 „ h ™ n Hnma ir" As used 

[0038] The DNA of this embodiment is also "DNA which encodes a prote.n hav.ng a semaphonn domain . As used 
S "semaphorin domain" refers to a domain consisting of 300-600 amino acid residues more than 20% oi which are 
rdentica. to those amino acids constituting the semaphorin domain of a^ 

Sema I D-Sema II H-Sema III, C-Collapsin. Sem A, Sem B. Sem C. Sem D. Sem E) described in. for exa imp.* ceil 

75 1389-^399^993) or Neuron. 14. 941-948 (1995). Those proteins having a semaphorin domain , mo£ 

which amino acids are identical to those amino acids in any one of the known Semaphorins are particularly preferred. 
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nirlnnS,? 9mi ™ addS 'f determined by comparison using, for example. DNASIS Ver. 2.0 (HITACH Software Engi- 
^r SLTZZ ° f T =1 ^ CUW '" 1 ' M ° re Pr6ferred pr0teins are those in which te " ° r cysteines. 

Te^^torZZ!S^T eS \ ° f th S n c yS,eineS COnS6rved h S6maphorin domains of the ten kn ™ 
5 seTed cysteines marked m Figure 1 on page 942 of Neuron. 14. 941 -948 (1 995)) are con- 

SSon^ST ° f SUCh ? thiS emb0diment include Semaphorin genes which hybridize under stringent 
eS the tuZ o? Pr ^ 9 ^ aSe S6qUenCe Sh ° Wn in SEQ ,D N0: 7 and which contain semaphorin domains and 
22 ™f 1 T ^ T h : b u ,0n aCt ' V,ty ' inC,Uding 811 ° f the Sema P h °"n Y genes of mammaiand avian. 

« iTve iteS (1, to'S PrSSent inVemi ° n iS 3 Pr ° tein ° btained by expreSSinQ the 9ene 0f an * one of •» 

i^ence stown n^?'" ? ** embodiment are rat Semaphorin Y comprising the amino acid 

NO 6 Sp^S h ™ i k " • v Semaph0rin Y comprising the amino acid sequence shown in SEQ ID 

NO. a The rat or human Semaphorin Y contains a signal sequence at its N-terminus and such signal sequence isore- 

Zt2Z?f 0nd V POSiti ° n 1 1 ° P0Siti ° n 23 * thS amin ° add Se « uence sh ™ S?Q 'Sno S or 

Lru^? ^ S k ° amln ° SSqUenCe Sh0Wn in SEQ 10 NO: 6 - respectively, Since the signal 

E Y c P DNA a in!L°» if™* Pr ° teinS * ^ embodiment be *» example, by ligating a cloned rat Sema- 

phonn Y cDMA into a known expression vector such as pET or pCDMS, and introducing it into appropriate host cells to 

strains or an.mal cell l.nes are already conventionally used for such purpose and are commercially or publicly available 
Examples of animal host cells include COS-1. COS-7. CHO cells and the like avanaoie. 
I 00433 Jl tra T S,0rm appr °P riate animal host cel| s with an expression plasmid. a known procedure such as DEAE-dex- 
tran ^(Current Protocols in Molecular Bioiogy, F. M. Ausube. at a,, ed.. John Wiley & Sons (1987» may be usS 

Semaphorin Y to be directly used in various assays. Therefore, various assays for activities of a protein of this embod- 
iment may easily be conducted using a cell membrane fraction prepared from appropriate cells 

ShrJS y r^n'™' 6, ?K^ tein ,° f thiS embodiment be P" ri *ied by. for example, affinity purification using Sema- 
3 , ™ Y-recogn,z.ng ant.bod.es descr.bed hereinafter in the section of the 16th embodiment of the present invention 
30 or conventional column chromatography. invention, 

s^uenc/^ * ™T*° n * 3 9606 enCOdi " 9 a protein which «»"Prises an amino acid 

sSwn in SEC ^^Th"'? ^ 6ted ' SUbSti,Uted 3nd/0r addSd in the rat ° r human Semaphorin Y 
^ m 1 1 Wh ' Ch Pr0te ' n Pr ° m0tes neurite out 9 rowth - T he 6th embodiment of the present inven- 
ts ■ ?u by ex P ressin 9 the gene of the 5th embodiment of the present invention. 

^"f S u 4,16 ab ° Ve 5th embodimen *. deletions, substitutions and/or additions may be introduced in the 
2:: S * to* 0 " used for a aen e encoding a modified protein of the 1st embodiment of the present indention 
t Pr0 T 0n eff8Ct ° n n6Urite OUt9rOWth ^ easily 156 measured ' for exam P |e - ^ adding Semaphorin yS 
£ZZS f ST m Z Se r Ph ° rin Y aCtiVitY d6SCribed abOVe in the section of the 1st embodiment of the prSert inven 
40 Z r and fUrth6r f addin9 theret0 a ,est substance (/-e acandidate modified Semaphorin Y prote,n). For details see the 
40 descr.pt.ons in the section of the 18th embodiment of the present invention w*. see me 

i [ 2„„!f!^ ffi ? the Pr ° teinS ° f 1,16 6th embodiment may be modified proteins of which neurite-outgrowth 
T£T£? * ^ „" 6 mmated ' SUCh m0dified Pr ° tein lacWng ,he neurite-outgrowth inhibition activity is expected 
LT? h ^ mt !rJ f ° n n e" r ite-outgrowth. when it binds to receptors for Semaphorin Y or to Semaphorin Y 
4- S ^r^ 9 the bind ! ng of Semaphorin Y to the receptors. As described above in the section of the 1st embodN 
HI h PfeSe ? " ^ b6en SU " eSted ^ the 3Ctive Site ° f Semaphorin may be located in the sema- 

^Zit?nT^ partC ^ larly ' rt u ma y be tocated at "Parte ^id at position 197 in rat Semaphorin Y or aspartic acid 
orS it J?J n wT SfT : Y AcCOrdin9 'y' in order to eliminate the semaphorin Y activity from the modified 
slffanhnr desirable to .ntroduce the deletions, substitutions and/or additions to the conserved amino acids in said 
semaphorin domain, preferably to the aspartic acid at position 1 97 in rat Semaphorin Y or to the aspartic acid at position 

nSrlS Y ' n SU< f CaSSS ' thOSS SubSttuti ° nS in which a " «*» ™* having a £> chain ol .*S 
nature is substrtuted for the original ammo acid are desirable. Also in the cases of Semaphorin Y other than that from 

n^l Ct l*\ ,Cai '°T arS pre,erab 'y made on as P artic acid at this position, that is. on amino acid residue at the 
£2 ^, W h COrr6SP ° nds !° L p0sition 1 97 in rat Semaphorin Y or to position 198 in human Semaphorin Y when the 
55 mZ^dentity 611 " 6 " 06 Sema P norin Y is ali 9ned with that of rat or human Semaphorin Y so as to give the maxi- 

[0048] Since the proteins of the 6th embodiment of the present invention promote neurite outgrowth as described 
SZtaZ*™ W '" SerV6 35 CNS - neur ° n re 9 ene ration promoters as described hereinafter in theTection 
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[0049] The 7th embodiment of the present invention is DNA which is cloned from a human cDNA library or a human 
genomic library, and which hybridizes under stringent conditions to DNA comprising at least part of rat or human Sem- 
aphorin Y DNA shown in SEQ ID NO: 1 or 4, respectively. 

[0050] Methods of cloning are described in detail in, for example, "Molecular Cloning 2nd ed.", Cold Spring Harbor 

s Laboratory Press (1989), and specifically include, for example, methods employing hybridization or PCR. Although a 
preferred library used herein is a genomic library derived from human, a cDNA library derived from CNS-neuron in the 
adult may also be used, Those methods employing hybridization may be carried out according to, for example, TINS, 
15 . 319-323 (1992) and references cited therein, Those methods employing PCR may be carried out according to, for 
example, "PCR" edited by McPherson et ai. , IRL Press (1991). 

io [0051] The DNAs thus cloned include not only the full length DNA but also its DNA fragments comprising more than 
200 bases, or single-stranded forms (coding strands or complementary stands thereof) of said DNA fragments. Specific 
examples of DNA of the 7th embodiment of the present invention may include chromosomal DNAs containing 5' and/or 
3* transcriptional control regions, noncoding sequences of exons, introns or the like, in addition to regions encoding 
amino acids. Such sequences which do not encode any amino acids are also quite useful, for example, in developing a 

15 medicine using antisense techniques described hereinafter. 

[0052] The 8th embodiment of the present invention is an expression plasmid which expresses either the gene of the 
1st. 2nd. 3rd or 5th embodiment, or DNA of the 7th embodiment of the present invention. The 9th embodiment of the 
present invention is a transformant transformed with the expression plasmid of the 8th embodiment. Furthermore, the 
10th embodiment of the present invention is a process for producing a recombinant protein which process comprises 

20 culturing the transformant of the 9th embodiment and recovering the recombinant protein expressed. As described 
above in the section of the 4th embodiment of the present invention, methods of preparing an expression plasmid and 
a transformant, and methods of producing a recombinant protein, perse, are all well known to those skilled in the art. 
[0053] The 1 1th embodiment of the present invention is a peptide comprising at least 6 amino acids of a protein of 
the 4th or 6th embodiment of the present invention, In this context, the limitation "at least 6 amino acids" is based on 

25 the fact that a minimal size of peptide capable of forming a stable structure consists of 6 amino acids, and preferred pep- 
tides are those consisting of 8 or more amino acids, more preferably of about 10-20 amino acids. A short peptide such 
as those consisting of about 1 0-20 amino acids can be synthesized on a peptide synthesizer, while a longer peptide can 
be obtained by preparing DNA through conventional genetic engineering, and expressing it in, for example, animal cells 
as described above, The peptide thus prepared can also be modified by conventional methods. 

30 [0054] These peptides can be applied to pharmaceutical agents described hereinafter in the section of the 12th and 
13th embodiments, and can also be used for producing antibodies. 

[0055] The 12th embodiment of the present invention is a peptide of the 1 1th embodiment of the present invention 
which promotes neurite outgrowth. Such polypeptide may be prepared by the methods described above in the section 
of the 1 1th embodiment of the present invention. The promotion effect on neurite outgrowth can also easily be rneas- 
35 ured as described above in the section of the 5th embodiment of the present invention by adding Semaphorin Y to an 
activity assay system described above in the section of the 1st embodiment of the present invention and further adding 
thereto a test substance (i.e. . a candidate peptide of Semaphorin Y). For details, see the descriptions in the section of 
the 18th embodiment of the present invention. 

[0056] Specific examples of these peptides may be peptides which have lost the neurite-outgrowth inhibition activity 
40 of Semaphorin Y A peptide lacking Semaphorin Y activity is expected to exert its neurite-outgrowth promotion effect, 
when it binds to receptors for Semaphorin Y or to Semaphorin Y itself, by inhibiting the binding of Semaphorin Y to the 
receptors. Some of such peptides will serve as CNS-neuron regeneration promoters as described hereinafter in the 
section of the 21st embodiment. 

[0057] Th^~1 3trTembodiment"bf"the presentinventiorTis a peptideoftheH TtrF^bodimenfof the presenttnventibhT 
45 characterized in that it contains the aspartic acid residue at position 198 of the amino acid sequence shown in SEQ ID 
NO: 6 or an amino acid residue corresponding to the position of said aspartic acid residue. Such peptides may be pre- 
pared by the methods described above in the section of the 1 1th embodiment. 

[0058] As described above in the section of the 1st embodiment of the present inventions, the aspartic acid residue 
at position 198 of human Semaphorin Y shown in SEQ ID NO: 6 (in the case of rat, the aspartic acid residue at position 

so 197) seems essential for expression of the activity of Semaphorin Y Since this amino acid residue may possibly be 
involved in the binding between Semaphorin Y and its receptors, a peptide of this embodiment containing this amino 
acid residue may interfere the neurite-outgrowth inhibition activity of Semaphorin Y by binding to receptors for Sema- 
phorin Y or to Semaphorin Y itself, resulting in promotion of neurite outgrowth. Some of the peptides having such effect 
will serve as CNS-neuron regeneration promoters as described hereinafter in the section of the 21st embodiment. Such 

55 neurite-outgrowth promotion activity can easily be measured as described above in the section of the 5th embodiment 
of the present invention by adding Semaphorin Y to an activity assay system described in the section of the 1st embod- 
iment of the present invention, and further adding thereto a test substance (i.e. . a candidate peptide of Semaphorin Y). 
For details, see the descriptions in the section of the 18th embodiment of the present invention. 
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[0059] In this embodiment, "an amino acid corresponding to the position of said aspartic acid" refers to an amino acid 
residue which is located at the position corresponding to position 198 in human Semaphorin Y, when the amino acid 
sequence of the protein of the 4th or 6th embodiment of the present invention is aligned with the amino acid sequence 
of human Semaphorin Y shown in SEQ ID NO: 6 so as to give the maximum identity. Accordingly, "a peptide character- 
5 ized in that it contains an amino acid corresponding to the position of said aspartic acid" refers to a peptide which com- 
prises such amino acid at the position corresponding to position 1 98 in human Semaphorin Y as well as flanking amino 
acids on either side thereof. 

[0060] The 14th embodiment of the present invention is an antisense nucleotide, or chemically modified variant 
thereof, which is directed against a segment comprising at least eight or more bases in the gene of any one of the 1st 

io to 3rd embodiments, or in DNA of the 7th embodiment of the present invention. 

[0061] As used herein, "antisense nucleotide" refers to a so-called antisense oligonucleotide, antisense RNA, or anti- 
sense DNA, and it may be artificially prepared using a DNA synthesizer, or may be obtained by, for example, expressing 
a gene in the direction opposite to the usual case {i.e., in the antisense direction). Fa details, see the descriptions in 
the section of the 21st embodiment of the present invention. 

15 [0062] These antisense nucleotides are used for inhibiting the expression of Semaphorin Y as described hereinafter 
in the section of the 15th embodiment of the present invention, and are also useful as laboratory reagents for, for 
instance, in situ hybridization. In the present invention, "a chemically modified variant" specifically refers to such a var- 
iant that is chemically modified so as to enhance the transferability of the antisense nucleotide into cells or the stability 
of the antisense nucleotide in the cells. Examples of such chemically modified variant are phosphorothioate, phospho- 

20 rodithioate, alkylphosphotriester, alkyl phosphonate, aikyl phosphoamidate and the like derivatives ("Antisense RNA 
and DNA", WILEY-LISS, 1992, pp. 1-50, J. Med. Chem., 36, 1923-1937 (1993)). The chemically modified variant may 
be prepared according to, for example, the references cited just above. 

[0063] The 15th embodiment of the present invention is an antisense nucleotide, or chemically modified variant 
thereof, of the 1 4th embodiment described above, characterized in that it inhibits the expression of the protein of the 4th 

25 embodiment of the present invention. 

[0064] mRNAs produced by usual gene transcription are sense-strands, and the antisense nucleotides or chemically 
modified variants thereof can bind to such sense-strand mRNAs in cells to inhibit the expression of those particular 
genes. Therefore, the above-described antisense nucleotides or chemically modified variants thereof can inhibit the 
expression of Semaphorin Y, and can thereby inhibit the activity of Semaphorin Y Some of antisense nucleotides or 

30 chemically modified variants thereof having such effect will serve as CNS-neuron regeneration promoters as described 
hereinafter in the section of the 21st embodiment of the present invention. 

[0065] It can easily be determined whether a particular antisense nucleotide prepared, or a chemically modified var- 
iant thereof, has a desired inhibitory effect or not, by directly introducing the antisense oligonucleotide itself or by intro- 
ducing a gene which produces said antisense RNA when transcribed, into cells expressing Semaphorin Y, and then 

35 determining whether the amount of the expressed Semaphorin Y is decreased or not. 

[0066] Examples of antisense nucleotide having such inhibitory effect are those oligonucleotides having sequences 
complementary to either the coding region or the 5' noncoding region of Semaphorin gene of the above-described 
embodiments. Especially preferred are those antisense nucleotides having sequences complementary to the transcrip- 
tion initiation site, translation initiation site, 5, noncoding region, exonintron junction region, or 5' CAP region. 

40 [0067] The 1 6th embodiment of the present invention is an antibody against the protein of the 4th or 6th embodiment, 
or against the peptide of any one of the 11th to 13th embodiments. Such antibody can easily be produced by using 
mouse or rabbit according to the procedures described in, for example, "Current Protocols in Immunology", pp. 2.4.1- 
2.6.6 (1992, J. E. Coligan ed.). Monoclonal antibodies can also easily be produced by the methods described in the 
above-mentioned reference. Such antibodies may be used in affinity chromatography or screening of cDNA libraries, 

45 and as pharmaceutical or diagnostic agents, or laboratory reagents. Some of such antibodies have the activity of neu- 
tralizing Semaphorin Y Such neutralizing activity can easily be determined, as described above in the section of the 5th 
embodiment of the present invention, by adding Semaphorin Y to an activity assay system described in the section of 
the 1st embodiment of the present invention, and further adding thereto a test substance (i.e., a candidate antibody 
against Semaphorin Y). Some of such neutralizing antibodies will serve as CNS-neuron regeneration promoters as 

so described hereinafter in the section of the 21st embodiment of the present invention. 

[0068] The 17th embodiment of the present invention is a pharmaceutical agent comprising, as an active ingredient, 
any one of all of the genes (DNAs), proteins, peptides, antisense nucleotides or chemically modified variants thereof, 
and antibodies of the present invention. 

[0069] Among such pharmaceutical agents, CNS-neuron regenerators and neurite-outgrowth inhibitors for PNS-neu- 
55 ron will be described in the sections of the 21st and 22nd embodiments of the present invention, respectively. See, 
therefore, the sections of the 21st and 22nd embodiments for such applications. 

[0070] It is being demonstrated in recent years that certain Semaphorins play important roles not only in the nervous 
system but also in non-nervous system. For example, it has been suggested that Semaphorin may probably act in inhib- 
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iting the growth of cardiac muscles {Nature, 383 , 525-528 (1996)). Also in the immune system, certain Semaphorin has 
been suggested to be involved in aggregation and survival of B lymphocytes (Proc. Natl. Acad Sci. USA, 93, 1 1780- 
1 1 785 (1996)). It has also been suggested more recently that a certain Semaphorin may play some role in the immune 
reactions in rheumatism (B.B. R.C. , 234, 1 53-1 56 (1997)). Furthermore, involvement of Semaphorins in lung cancer has 
5 also been suggested (Proc. Natl. Acad. Sci. USA, 93, 4120-4125 (1996)). 

[0071] Accordingly, Semaphorin Y of the present invention or its modified proteins, peptides, antisense nucleotides 
and the like are expected to be useful as antiallergic agents, immunosuppressive agents, or anti-tumor agents. For spe- 
cific directions for use, dosage and the like, see the sections of the 21st and 22nd embodiments. 
[0072] The 18th embodiment of the present invention is a method of screening for Semaphorin Y antagonists, char- 
to acterized in that it employs the protein of the 4th embodiment of the present invention, As used herein, "Semaphorin Y 
antagonist" refers to a substance which inhibits, for example, the neurite-outgrowth inhibition activity of Semaphorin Y. 
[0073] The screening is conducted by adding Semaphorin Y to an assay system for Semaphorin Y activity described 
in the section of the 1 st embodiment of the present invention, and further adding thereto a test substance. In particular, 
inhibition of the Semaphorin Y activity resulted from the addition of the test substance to the culture medium throughout 
is the incubation period or only temporarily in the incubation period can be used as an indicator in the Semaphorin Y activ- 
ity assay conducted with added Semaphorin Y. It is also important to confirm that the test substance alone does not 
influence the survival and neurite-outgrowth of neurons at the same concentration. When both of these requirements 
are fulfilled, one can consider the test substance as a Semaphorin Y antagonist. Although it is preferred to prepare in 
advance the test substance in the form of aqueous solution, an organic solvent such as DMSO may also be used as a 
20 solvent. In any cases, it is important to minimize the volume of solvent so as to exclude any effects of the solvent on 
neurons. Specifically, the volume to be added should be less than an equal volume, preferably less than 1/10 volume, 
and more preferably less than 1/100 volume relative to the culture medium. Some of Semaphorin Y antagonists thus 
obtained will serve as CNS-neuron regeneration promoters as described hereinafter in the section of the 21st embod- 
iment of the present invention. 

25 [0074] The 19th embodiment of the present invention is Semaphorin Y antagonist obtained by the screening method 
of the 18th embodiment of the present invention. Such antagonist may have any structure and any form, provided that 
it inhibits the activity of Semaphorin Y. 

[0075] The 20th embodiment of the present invention is Semaphorin Y antagonist of the 1 9th embodiment which com- 
prises the protein of the 6th embodiment, the peptide of any one of the 1 1th to 13th embodiments, or the antibody of 

30 the 1 6th embodiment of the present invention, In other words, it is a protein of the 6th embodiment, a polypeptide of any 
one of the 11th to 13th embodiments, or an antibody of the 16th embodiment of the present invention which has an 
effect of inhibiting the activity of Semaphorin Y Such antagonists can be identified by subjecting the above substances 
to the screening system of the 18th embodiment of the present invention, and some of the antagonists thus identified 
will serve as CNS-neuron regeneration promoters as described below in the section of the 21st embodiment of the 

35 present invention. 

[0076] The 21st embodiment of the present invention is a CNS-neuron regeneration promoter, characterized in that 
it contains at least one of the antisense nucleotides or chemically modified variants thereof of the 14th or 15th embod- 
iment, or Semaphorin Y antagonists of the 19th or 20th embodiment of the present invention. Since this embodiment 
relates to the use of substances in "regeneration therapy for CNS-neuron", specific directions for use, dose and the like, 
40 of the substances are described below. 

1 ) Antisense nucleotide or chemically modified variant thereof 

[0077] — Application"Of"antisense"n^ 

45 considered to be applicable in neurological disorders (TINS 20, No. 8, 321-322 (1997)). 

[0078] As described above in the section of the 14th or 15th embodiment of the present invention, the antisense 
nucleotide or chemically modified variant thereof of the 14th or 15th embodiment of the present invention can be used 
for inhibiting expression of Semaphorin Y gene. Accordingly, such antisense nucleotide may decrease the abundance 
of the Semaphorin protein, and promote regeneration of CNS-neurons, Therapeutic methods using the nucleotide or 

so the variant include those in which the antisense oligonucleotide or its chemically modified variant itself is administered, 
and those in which antisense RNA is produced in cells. 

[0079] In the method in which the antisense oligonucleotide or its chemically modified variant is administered as such, 
a preferred antisense oligonucleotide has a length, for example, about 5-200 bases, more preferably 8-25 bases, and 
especially preferably 12-25 bases. Antisense oligonucleotide or its chemically modified variant may be formulated by 
55 mixing it with stabilizing agent, buffer, solvent and the like prior to its administration. Such formulation may be co-admin- 
istered with, for example, an antibiotic, anti-inflammatory, or anesthetic agent. Although the formulation thus prepared 
may be administered via various routes, it is preferred to topically administered at a site in which neurons are notably 
disordered. Usually, regeneration of neuron takes several days to several months, and the formulation is administered 
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every day or every several days to several weeks during the period, To avoid such frequent administrations, a sustained- 
release mini-pellet formulation may be prepared and embedded near the affected site. Alternatively, a formulation may 
be gradually and continuously administered to the affected site by means of, for example, an osmotic pump. The dose 
is typically adjusted so that the concentration at the site of action will be 0.1 nM to 10 |iM. 

5 [0080] In the method in which antisense RNA is produced in cells, a preferred antisense RNA has a length of ( for 
example, more than 100 bases, preferably more than 300 bases, and more preferably 500 bases or more. 
[0081] The methods by which a gene expressing an antisense RNA is introduced into a patient include an in vivo 
method in which the gene is directly introduced into cells in a living body, and an e* vivo method in which the gene is 
introduced into particular cells ex vivo and the cells are returned into the body (Nikkei Science, April, 1994, pp. 20-45; 

10 Gekkan-Yakuji, 36 (1), 23-48 (1994); Jikkenn-lgaku-Zokan, 12 (15), 1994; and references cited therein). An in vivo 
method is more preferred. 

[0082] Such in vivo methods include a method employing recombinant viruses and other methods (Nikkei Science, 
April, 1994, pp. 20-45; Gekkan-Yakuji, 36 (1), 23-48 (1994); Jikken-lgaku-Zokan, 12 (15), in its entirety (1994); and ref- 
erences cited therein). 

75 [0083] The methods employing recombinant viruses may include the methods in which Semaphorin gene is incorpo- 
rated into a virus genome of, for example, retrovirus, adenovirus, adeno-associated virus, herpesvirus, vaccinia virus, 
poliovirus, or sindbis virus, and the recombinant virus is introduced into a living body. Among these methods, those 
employing retrovirus, adenovirus or adeno-associated virus are particularly preferred. 

[0084] Other methods may include a liposome method or a lipofectin method. The liposome method is particularly 
20 preferred. 

[0085] For the ex vivo methods, a micro-injection method, the calcium phosphate method, electroporation and the like 
may also be used, besides those techniques described above. 

[0086] Administration of the gene to a patient is carried out via appropriate routes depending on particular disease or 
symptom to be treated, and the like. For example, it may be administered intravenously, intraarterial!^ subcutaneously, 

25 or intramuscularly, or directly administered into an affected site such as neuron. For example, when spinal cord is 
infected with the recombinant viruses, the expression of Semaphorin gene is inhibited exclusively in the spinal cord. 
Expression of antisense oligonucleotide of the present invention typically lasts several days to several months, and such 
single infection is sufficient to allow regeneration of neuron. The gene may also be reinfected, when weakly expressed. 
When administered by an in vivo method, the gene may be formulated in the form of, for example, a solution, and typi- 

30 cally it is formulated in the form of an injection containing Semaphorin gene as an active ingredient to which conven- 
tional carrier and the like may be added, if necessary. In the case of liposomes or membrane-fused liposomes (such as 
Sendai virus (HVJ)-liposomes) containing Semaphorin gene, the liposome preparations may be in the form of a sus- 
pension, a frozen preparation, a centrifugal iy-concentrated frozen preparation or the like. 

[0087] Although the amount of Semaphorin gene in the formulation may vary depending on the disease to be treated, 
35 the age and weight of the patient, and the like, it is typically 0.0001 -100 mg, and preferably 0.001-10 mg, and such for- 
mulation is preferably administered once every several days to several months. 

2) Modified protein of Semaphorin Y 

40 [0088] As described above in the sections of the 5th and 6th embodiments of the present invention, one can prepare 
a modified Semaphorin Y of which neurite-outgrowth inhibition activity on CNS-neuron has been eliminated, When 
administered into a living body, such modified protein is expected to bind to receptors lor Semaphorin Y in place of 
Semaphorin Y, resulting in inhibition of Semaphorin Y activity and promotion of regeneration of CNS-neuron. 
[0089] Such modified protein of Semaphorin Y is formulated with stabilizer, buffer, and diluent, and administered to a 

45 patient for therapy. Such formulation may be administered via various routes, and it is preferred to topically administer 
to the focal site. Since regeneration of neuron typically takes several days to several months, the formulation is admin- 
istered once or more in order to continuously inhibit Semaphorin Y activity throughout the period, When administered 
more than once, it is desirable to administer it every day or repeatedly at appropriate intervals. When administered to 
CNS by injection, for example, into spinal cord, several hundreds \xq to 2 g, preferably less than several tens mg, are 

so used per administration. To reduce the administration frequency, it may be administered using a sustained-release for- 
mulation or gradually administered over a long period by means of. for example, an osmotic pump. Alternatively, it may 
be administered by grafting cells expressing such modified Semaphorin Y protein into a living body. 

3) Peptide of Semaphorin Y 

55 

[0090] Some of the peptides of any one of the embodiments from 1 1th to 13th of the present invention suppress the 
neurite outarowth inhibition activity of Semaphorin Y on CNS-neuron by inhibiting the binding of Semaphorin Y to its 
receptors, resulting in promotion of CNS-neuron regeneration. Examples of peptide having such effect include a pep- 
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^ • ,u . , nn t*in* asnartic acid residue at position 198 of human Semaphorin Y shown in SEQ ID NO: 
tide characterized m ^^SSE^SS^nQ to that of said aspartic acid residue, as described above in the 

M 2) Modified protein of Semaphorin Y . 
4) Antibody against Semaphorin Y 
„ t00921 A neutralizing antibody which neutralizes the activity of Semaphorin Y is expected to promote the regeneration 

to inhibit the neurite outgrowth of PNS-neuron. since PNS-neuron ^jS^ySSaly they may serve as thera- 
.o, «» ™«* o, .ormu.a.ns, „ such p,o»ins. and ,h* doses, s«, «» *«. s.efcn -2, 

which ^f^^^^Z^-SX^ Moie embryo" edited by B. Hogan er a/., 1986, 
mationon Semaphorin Y of the present ' nvem,on _ ^ . g95 Yodosha etc Accordingly, the transgenic ani- 
Cold Spring Harbor Laboratory; Shin.ch. ° e " e ^ thus produced 

mal thus produced is naturally included wrth.n the W^^f?'^'^ used for screening of pharmaceuti- 
is very useful as an animal mode, for developing P>™»"^ £ ^th oV 9m embodiment of the present 

-^^X^Z^s ge n^ M _ ^ the liKe which can be used for such purposes. 



25 



30 



35 



40 



45 BRIEF DESCRIPTION OF DRAWINGS 

[0099] Fig. 1 shows a picture of electrophoresis indicating distribution of Semaphorin Y expression among various 

tissues determined by Northern analysis. a io/4rnnhnresed on 1% agarose-forma- 

[0100] Total RNAs were extract^ 
50 mide gel. blotted onto a filter, and hybridized with a *f lane The upper panel shows the result 

Hon of Semaphorin Y mRNA express.on. Fifteen ^^^^^^ ^J*, £ ^ l6 « margin of the 

« *— *« d,stribution ° f semaphorin Y expression amon9 CNS tis " 

sues determined by Northern analysis. piprtroohoresed on 1% agarose-formamide 
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determine the distribution of S<J p Mn7^1£ > ^^! ea " M, * p - M » M S"™P"»in Y DNA prcbe to 
"our* the arrc** indicate the poStoi of sISTStST?* *? 01 * •* 

the left margin ot the figure mRNA bands . Rosrtions of Size makers are indicated in kb at 

KS ^expSo^^ ° f ?"**»* Y P"-" in COS 7 ce.„ 

at its C-terminus was constructed andTrSci SSoo??^? , f ™ "** ,r ° m hUm3n C ' MyC added 

plasmid containing no Semaphorin Y oene was L , / 1 I ™ ex P ression (indicated as rSYmyc). A 

mids. the cel.s we^e ^e^ZlVZ^ra^STl Control >- At ^ * after introducingpL 

SDS-PAGE. and then subjected 1ow!^SS^^^^^ m " nbran8 ,raCti0n «■» donated by 
position of the band of Semaphorin Y pSn havino addi 1™* £ "J*^ ** fiBU '* *" arr0W indicates th * 
ers are indicated in KD at the'eft m ^n of 7^% * P ° S,t,0nS a " d motacular wei 9 hts * -» ™k- 

" StSeV^ 

E2 5£ ^SSS^r ° f ? U " T - 1* agarose.forman.de ge.. 

Semaphorin III mRNA "Ln M9 0 ^NA was" '!! * d6l " n,,ne diStribution °< 

25 autoradiography. The positions of 1 SS^dSs i^ZT^T ^ T " e l * per panel snows ,he result of 
panel indicates the ethidium lC^s2^te3?h. ^ "It?"" * *" ' eft mar9in of *" fi 9 ure Th * T 
omal RNAs, respectivly 9 96 The ^ and lower bands ^respond to 28S and 1 8S ribos- 
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SZ. ^S^S^^TSS^SS^ rV Su * 85 "Molecular 

'"-"fendec^,^^^^^ 

Example 1 

Isolation of r at Sema phn rin Y oeng 

(1) Search through database for a novel Semaphorin gene 

^^^^^^^^T^"^ —d, *— *. "0, us,, search 

oenes and which is found in ^^ZZS^^'T^ZZ^ " T tm *°*' 

base sequence of File No r*q*&7 ^ ^ cuinms Trom peripheral tissues. As a result the 

sisting of 238 bases is so shor oon^^m^Sl^ ?' ^ ' SeqUenCe mfo <™«™ of R59527 con- 
the total bases could be trans.at2Ta^ Semaphorin genes, and only several percent of 

frame cou.d not be determined because t^ue^Rst^! th * readin 9 

impossible to conclude that the base wirSof^KT^Si^ 7? ^ determined « therefore, 
firstly confirmed that a gene conSSnoT? atS ^L^ffc J e ^ J! Sema P norin 9 ene - Th «"- the inventors 
.he ful, length cDNA coLninXTo^ ^ ^ ■«*« •> 

(2) Confirmation of the expression of the gene containing the sequence of R59527 in the brain 
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synthesized on the basis of the base sequence of R56527, and used in PCR under conventional conditions together 
with cDNAs prepared from a human brain cDNA library (Clorttech) as templates. As a result, about 170 bp fragment 
was amplified as expected. The DNA was then cloned into pCRII (Invitrogen) according to the manufacturer s protocol, 
and the base sequence was determined to confirm that the fragment has the same base sequence as that of R59527. 
More than 98%of the sequence thus obtained (SEQ ID NO: 7) coincided with that of R59527, confirming that a gene 
containing the sequence of R59527 is expressed in the adult human brain. 

(3) Isolation of rat Semaphorin Y gene 

[01 1 2] Using the 1 70 bp fragment cloned in (2), which corresponds to part of R59527. as a probe, the invent ° r ^oned 
a full-length cDNA containing the sequence of the probe and determined the structure. Since preparation ofrat cDNA 
library is easier than that of human cDNA library, the rat gene was firstly cloned. A cDNA library was ; prepared* -con- 
ventional methods described in the above-mentioned laboratory manuals, using mRNAs prepared from ^t brain and 
muscle by conventional procedures with Lambda Zap II (XZapll) cDNA Library Preparation Kit (Stratage ne) About 150 
thousand plaques were then generated on agar plates using the cDNA library, and the plaques were transferred onto 
nylon membranes (Nippon Pall). After denaturing and neutralizing the DNAs, they were fixed with ""ravic-et ra^of 0.6 
J/cm 2 and used in hybridization. The hybridization was conducted by placing the nylon membrane and the 170 bp DNA 
fragment labeled with 32 P (prepared using Megaprime DNA Labeling System (Amersham)) as a probe in a ^ization 
buffer (45% (v/v) formamide. 5x SSPE (1x SSPE consists of 0.15 M sodium chloride, 10 mM sodium **W*°0*ga*- 
20 phate. and in*! ethy.enediaminetetraaceticacid disodium salt, adjusted to P H 7.0). 2x Denhardt s sobt.on (Wako Pure 
Chemical Industries), 0.5% (w/v) sodium dodecyl sulfate (SDS). 20 ug/ml salmon sperm DNA (Wako Pure Chemical 
industries)) and allowing them to stand at 42°C for 48 hours. After the reaction, the nylon membrane was ^washed 2-3 
times in 2x SSPE 0.5% (w/v) SDS at room temperature for 10 min, and then 2-3 times in 2x SSPE. 0.5% w/v) SDS at 
42°C for 10 min. The filters thus prepared were analyzed using BAS 2000 Bio-Imaging Analyzer (Fuji Fi m). and 6 pos- 
25 itive signals were obtained. Plaques corresponding to the positive signals were excised from the agar plates placed in 
500 u I of SM buffer (100 mM sodium chloride. 15 mM magnesium sulfate, 50 mM Tris (pH 7.5). 0.01% gelatin) supple- 
mented with 20 ul of chloroform, and left stand overnight at 4°C to elute the phages. The recombinant lambda phages 
thus obtained were subjected to a secondary screening according to the procedures as described above, and single 
plaques were isolated. The phages thus obtained were treated in the following manner for ,n vw .excision of a 
so phagemid containing the cDNA insert, according to the protocols supplied by Stratagene. Agar gels containing the 4 
single plaques obtained in the secondary screening were each placed in 500 u. of SM buffer, supplemented with ,20 u 
of chloroform, and then allowed to stand overnight at 4°C, Two hundred f ifty pi of the phage sol utior ' °bta.n«l 20M of 
E co/ZXL-1 Blue MRF suspended in 10 mM magnesium chloride at OD 600 = 1.0, and 1 ul of ExAssist helper phage 
(>1x10 6 pfu/ml) were mixed, and incubated at 37°C for 15 min. Then. 3 ml of LB medium (prepared by mixing 0J5A 
35 w/v) sodium chloride, 1% (w/v) Bactotrypton (Difco). and 0.5% (w/v) yeast extract (Difco) and the mixture was adjusting 
o ohTo uTing 5 M sodium hydroxide) was added, and the mixture was shaken at 37°C for 2-3 hours. The cells were 
removed by c^r i{uging al 200 0xg for 1 5 min. and the supernatant was heat-treated at 70°C for 1 5 mm. The superna- 
tant was then centrifuged again at 2000xg for 1 5 min, and recovered as a stock solution of a i phagemid > co^ng »• 
cDNA insert An aliquot (1 0-1 00 jil) of the phagemid stock solution was mixed with 200 ul of E. col, SOLR (OD 6IX) -i.U), 
40 incubated at 37»C for 1 5 min. Then. 1 0-50 ul of the mixture was plated onto an ampicillin plate, and incubated overnight 
at 37"C to obtain E. coli strain which contained the phagemid corresponding to the above positive plaque. 

(4)-DNA sequencing 



45 [0113] The base sequence of the cDNA clone thus obtained was analyzed on Perkin-Elmer Model 377 DNA 
Spencer to determine complete base sequence. The reaction was carried out using 

(Perkin-Elmer) The DNA base sequence thus determined (3195 bases), the putat.ve open reading frame (2787 bases), 
and the amino acid sequence (929 amino acids) are shown in SEQ ID NOs: 1 . 2. and 3. respectively. 
[01 14] The protein contained a so-called semaphorin domain at positions 46 through 570 ,n the amino acd sequence, 
so definitely confirming that the protein belongs to the Semaphorin family. The protein encoded ^ ^ genewas hus des 
ianated Semaphorin Y In addition, since the base sequence of positions 1 574 through 181 1 in the Semaphorin Y gene 
shown in SEQ ID NO: 1 had 89% identity with the whole sequence of R59527 consisting of 238 bp, it was confirmed 
that R59527 is a partial sequence of human Semaphorin Y gene. 
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Example 2 

Distribution of Rat Spmaohorin Y pyp tession defprmined bv Northern analysis 

° rder t0 determine * e distribution of Semaphorin Y gene expression among rat tissues RNAs were ore- 
pared from various ftssues and used in Northern analysis. RNAs were prepared as follows using va^rat^L 
accord.ng to AGPC method (Takashi Tuji and Toshikazu Nakamura. Mken-lgaku, vol. 9. 1991 pp 1937 1940 M ? 

£££££ a ^u°T n ! ?° tOCOlS " MO ' eCUlar Bi0 '° 9y "- 1989 ' Pp 4 - 24 - 4 - 2 - 8 - Greena Pub. Assodati & ^ey 
Interscience). Briefly. 10 ml of a denaturing solution (4M guanidine thiocyanate. 25 mM sodium citrate ( P H 7 0) 0 s4 

tropin 2 T£T* m **> ^ t0 "* 1 9 ° f 6XCiSed ,iSSUeS ' and ^ ho-ogenf ed using a Poly 
and oTvokfm'pfof hi ^ om09enate - °- 1 volume of 2 M sodium acetate ( P H 4.0). 1 volume of water-saturated phenol, 
and 0.2 volumes of chloroform-,soamyl alcohol (49:1) were added, and the mixture was vigorously stirred After centrif 

l^ TsZTzoVi * a T lat % ^ eqUa ' V °' Ume ° f iS ° PrOPy ' a,COh0 ' ^ thereto'and SSSS^ 
SI ZTnl? ? ; ° Ur The precipitate was recovered by centrif ugation, and dissolved again in 2-3 ml of 

r.^TS??'^ 9 HT e - An V °' Ume ° f iSOpr ° Pyl alcoho1 was added - and ™*ture was allowed 
bri« fv Id ml h , ^ 3 ^ RNA W8S centri,uaed ' The Precipitate was washed with 75% ethyl alcohol, dried 
brief ly, and then dissolved in an appropriate amount of water. 

2. 116 Li K U , bSeq ^? tly ' elec,r °P noresis and Northern blotting of RNAs were performed by conventional methods 
descnbed below. RNAs prepared from various tissues were firstly electrophoresed on 1% agarose gel in aining fo7 

? ^ S K akSn " 50 ^ Na ° H f ° r 20 min ' and the " in 10x SSPE for 40 The RN^we e'then 
blotted onto a nylon membrane (Biodyne B. Nippon Pall) by means of capillary transfer, and fixed using a UV cross- 
linker ^tratagene) (O.SJ/cm*) for use in hybridization, A probe was prepared as follows Firstly, PC IR was earned out 
NO^lTXTJ 5 ' T f GT ^p/ GA CATGG 3' (SEQ ID NO: 10) and 5' TGCTAGTCAGAGTGAGGA 3 sf Q lS 
NO. 11). with rat Semaphorin Y cDNA obtained in Example 1 as template to amplify a fragment of 477 bp This f raoment 

mat it w»f T 0 PCR , SamS mannSr 35 deSCribed and the base s ^ uence wa * d^nSTtTSS 

iona Zn '^h? ? Semaphorin Y aene Usin 9 •* DMA as template. PGR was carried out in conven- 

.onal manner with the above pnmers to amplify the aimed fragment of 545 bp. The amplified DNA separated and puri- 

ESmn.^ 393 ; 05 ^ 61 ^ *£*S ^ P USin9 M69aprime DNA Labelin 9 Svstem (Amersham) as de4b«J n 
so fhe sant h^ US , t T° b& , Hybridization was carried 0Lrt bv Phdnfl the nylon membrane and fw probe DNA in 
3a he same hybridization buffer as described above in (2) and allowing them to stand at 42°C for 48 hours After the reac- 

^2x sIpE o" ^T^r^ 'In" 62 5 1" SSPE ' °" 5% (W/V) SDS for 10 min at 42 ° C ' and then 23 «mes 
Bi^nSinn L a f SDS at 55 C J or 10 mm Rad.oact.vity on the membrane was then analyzed using BAS 2000 
B.o-lmag,ng Analyzer. As shown ,n Figs. 1 and 2, the result demonstrated that mRNA for Semaphorin Y was widely 
expressed in the adult CNS. whereas the expression was not detected in peripheral tissues with the only exSon of 
3s muscle, existing the characteristic features expected with Semaphorin gene as CNS-neuron regeneratfoStor 

Example 3 
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Sequen ce determination of human Semaphorin Y 

[0117] Since R59527 has proved to be part of human Semaphorin Y gene as described above, an EST clone con- 
taining the sequence of R59527 (#41581) was obtained from Genome Systems Inc. (US), and the complete base 

t^rl WaS d6termined ^ *Z meth0d d6SCribed ^ ^ d6termined base ^d a high homofogy to 

,nn Tl * ^T 0 ! ^ Semaphorin Y shown in SE Q ID NO: 1 with 74% of the bases being the same. In addi- 
Zll n T" 0, .*V e base se ^ uence contains a stretch, presumably part of the open reading frame, which could be 
continuously translated ,nto 427 amino acids. This amino acid sequence had an identity of 82% with that of the region 

csZr t St ^ P ° S c i0fl ° f ^ Semaph0rin Y 9 ene sh ™ SEQ ID NO: 3. indicating that the s^nce was 
of human Semaphorin Y. However, the sequence corresponding to the N-terminal of humanlemaphorin 

I f° n In^H t l 0m th ' S d ° ne #41 581 • ,n ° rd6r l ° det6rmine the base sea . uence for h ^n Semaphorin Y 
IT k!? 9 ?' 3,1 h,ppocam P us and forebrain cDNA libraries purchased from Stratagene were screened as 
desenbed above us.ng various rat Semaphorin Y cDNA fragments as probes to obtain a clone #10. The base sequence 
Ll ! o£ n ! deter ™ned by the same procedures as described above overlapped with the above clone #47581 by 
about 200 bases, and further contained in its 5' region a cDNA sequence consisting of more than 1 700 bases The com- 
pete base sequence (3432 bases) constructed from #41581 and #10. the open reading frame (2790 bases) and the 
ammo acrd sequence (930 amino acids) for human Semaphorin Y are shown in SEQ ID NOs- 4 5 and 6 respectively 
Human Semaphorin Y was 87% identical at the amino acid level to rat Semaphorin Y. ' ' 

SI ■? T in S ,° LR (hSY10) ' 3 trans,ormant obtain&d ^ introducing the plasmid hSY10. which incorporates 

the insert of the above clone #1 0 (the region corresponding to cDNA for human Semaphorin Y) in a vector pBluescript 
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into E coli strain SOLR has been deposited at The National Institute of Bioscience and Human Technology (1-1-3 
Higashi Tsukuba, Ibaraki, Japan) under Deposit No. FERM BP-6021 on July 11,1 997. 

r0119l £ coli strain DH10B (N041581), a transformant obtained by introducing the plasmid N041581 . which incorpo- 
rates he insert of the above clone #41581 (the region corresponding to cDNA for human Semaphonn Y) in a vector 
Lafmid BA into £ coli strain DH10B, has been deposited at The National Institute of B.osc.ence and Human Technol- 
ogy (1 -1-3'Higashi. Tsukuba. Ibaraki, Japan) under Deposit No. FERM BP-6022 on July 1 1 , 1997. 

Example 4 

nic^rih^i nn ff f human Semaphorin Y ex pression determined by Northern analysis 

[01 20] Northern analysis was performed as described in Example 2 with human mRNA blotting ^ e n mbr ^ e n ^' ont « ch ) 
using a rat Semaphorin Y cDNA fragment consisting of 479 bp from position 832 to position 1310 in SEQ ID NO. 1 
obtained by PCRas a probe to determine the distribution of Semaphorin Y mRNA expression among various regions 
ir , human adult CNS tissues. As shown in Fig. 3. human Semaphorin Y mRNA was widely expressed in various regions 
of the adult CNS tissues, and a particularly high expression was observed in the cerebellum. 
[0121 1 As stated above, Semaphorin Y is widely expressed in human CNS tissues as is the case with ,ts rat homo- 
logue, indicating that Semaphorin Y may be responsible for functions common to rodents and primates. 

20 Example 5 

re pression of Semaphorin V in animal cells 

[0122] A fragment encoding Myc tag having the sequence Asp-lle-Gly.Gly^lu^n-Lys,U^lle-Ser^l^u^^u 
25 was inserted ,ust before the stop codon of rat Semaphorin Y gene, and the recombinant gene was introduced hnto an 
TxpressSn plasmid pUCSRa. The expression plasmid was transfected into COS 7 cells according to DEAE-dextran 
Protocols in Molecular Biology" edited by F. M. Ausubel. John Wiley & Sons. 1 987 ant the cells were 
harveSed with a cell scraper after 48 hours. Harvested cells were homogenized in the presence of Solut on A contan- 
SjSTSn^E*. physiological saline containing 10 mM HEPES pH 7.4, 1 mM EDTA, SO^M leupeptin 2 
30 3 pePsSn 0 5 mM PMSF. and 7.8 mTIU/ml aprotinin) . and the homogenate was separated into preciprtate and 
supernatS V "high-speed centrifugation at 12,000g for 10 min. The precipitate from the high-speed centnfugaton 
which contained the membrane fraction was washed twice with Solution A, suspended in 2 volumes of 2.25 M 
Tu^sS fnd overlaid onto 2.25 M sucrose/PBS. After 0.8 M sucrose/PBS ^^^^^^ 
centrifuged at 12.000g for 20 mm. The membrane fraction was recovered from the lower interface, further washed 

" ^^SSI^e 0 ^"^ was subjected to SDS-PAGE (1 0 % -20% gradient B eJ. and then to Western 
Eg in conventional manner to confirm the production of Semaphorin Y of the present 

dure an anti-Myc antibody 9E10 (Calbiochem) and an alkaline phosphatase-labeled ant,-mouse IgQ ant.body (Bio 
sou'ce) were used as the primary and secondary antibodies, respectively, The result of Western blotting showed a 
<o speSc baiS ai Z posrtion corresponding to about 130 kDa as shown in Fig. 4, confirming that Myc-tagged rat Sem- 
aphorin Y protein was expressed in COS cells and existed in the membrane. 

Example 6 , 

45 Activity measurement of Semaphorin Y 

[0124] The membrane fraction obtained in Example 5 and another membrane fraction prepared in , the ■ m^ner 
from COS 7 cells untransfected with Semaphorin Y are each added to culture med.um for ^'^^liiS^ 
rons or dorsal root ganglion cells, and the growth-corn collapse actMt.es are compared by the ^^Jhod descnbed in rvV 
laarashi et al Science, 259, 77-79 (1993). The result demonstrates that the membrane fraction from COS 7 cells 
transfected with the expression plasmid for Semaphorin Y has a significantly high growth-corn collapse act.vity. 

Reference example 1 

[0125] instigation of th e s i te es s ential to the Semaphorin activity using Semaphorin III 

0126 PCR was conducted on the basis of the sequence information on Semaphonn III described mN *™^™ 
948 (1995) and the structural gene of Semaphorin III was incorporated into an expression plasmid PUCSRa. me 
exprisSn pLmid was then introduced into COS 7 cells by DEAE^iextran method. After 2 days, the Semaphorin ... 



50 



55 



17 



BNSDOCID: <EP. 096O937A1 J_> 



EP 0 960 937 A1 



oS« S5S olol * S r matant W3S determined by 3 meth0d simi,ar to ^at described in Ce// 75 21 7-227 
c!o?e^ 9 ang.ion as an indicator. As a'fesu.t ne 

at position 1 98 was Sb^^SS? SnS" J™ bas * s ^ e " cin 9 ° f »• done revealed that aspartic acid residue 

5 and after the poslon "SKS ^ Sema P horins ' » e "*« before 

highly conserved among Semaphor nTwith a , *S T ~ rres P° ndin 9 to as P^° acid was 
suggested thatthe aspartic add '° Cated at that P 051 '^ This 

directed mutagenesis by a conventional metS o ™51 th!T ^ Th6 9606 Was then subjected t0 a site " 

esis restored L strong" JES^^TS S^i^T* 1 ■ "*? ^ SinC6 ,hiS muta 9 en " 

» function except for thatposition. In ^^SXZ J posW on llsof S^TT ^ 
expression of the Semaphorin function The amino acid r^Tn 1? Sema P norin appears essential to 

at position 197 in the amino aci sequence o t lmlhn T «* r W*''* l ° aspartic acid are aspartic acid 

15 Reference example ? 

Tissue-specific gene ex pres sion of Semap h o rin III determine hy North*™ a n aly ei e 

- 

hybridization of RNA were the same as those dZ**H*7^c f « A Procedures for preparation, blotting, and 
S-Pnorin.llDNAdesc^ 

that the expression of Semaphorin II, in the adult is^xtrem^S fnthJC 'JSSSZSfiSi? * 5 

25 EFFECTS OF THE INVENTION 

so substances as pharmaceutical or diann^tir a „ 0 J n 7^ . Semaphorin Y gene, and the use of such 
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SEQUENCE LISTING 

SEQ ID NO: 1 

SEQUENCE LENGTH: 3195 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDED NESS: double 
TOPOLOGY: linear 
rs MOLECULE TYPE: cDNA to mRNA 

HYPOTHETICAL: No 
ANTI-SENSE: No 

20 

ORIGINAL SOURCE: 

ORGANISM: rat (Rattus norvegicus) 
25 TISSUE TYPE: brain 

FEATURE: 

FEATURE KEY: 5' UTR 

30 

LOCATION: 1..50 
IDENTIFICATION METHOD: E 

35 

FEATURE KEY: CDS 
40 LOCATION: 51. .2837 

IDENTIFICATION METHOD: E 



FEATURE KEY: 3' UTR 
LOCATION: 2838. .3195 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 
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GCCGCCCCGT CGACGGGGTA CTCCCTGGGG CT7GAGCTGC CCCGCACAGG ATGCCCCGTC 60 
CCCCCCAaC CATGCCCTTG CTGCTGCTGT TGCTGCTGTC ACTCCCCCAA GCCCAGACTG 120 
CCTTTCCCCA GGACCCCATC CCTCTGTTGA CCTCTGAOCT ACAAGGTACC TCTCCGTCAT 180 
CCTGGTTCCG GGGCCTGGAG GACGATGCTG TGGCTGCGGA ACTTGGGCTG GACTTTCAGA 240 
GATTCCTGAC CTTGAACCGG ACCTTGCTTG TGGCTGCCCG GGATCACGTT TTCTCCTTCG 300 
ATCTTCAAGC CCAAGAAGAA GGGGAGGGGC TGGTGCCCAA CAAGTTTCTG ACATGGCGGA 360 
GCCAAGACAT GGAGAATTGT GCTGTCCGGG GAAAGCTGAC GGACGAATGC TACAACTACA 420 
TCCGTGTTCT TGTTCCCTGG GACTCGCAGA CACTCCTTGC CTGTGG.AACA AATTCCTTCA 480 
GCCCTGTGTG TCGCAGCTAT GGGATAACAT CTCTGCAACA GGAGCGTGAG GAGCTGAGTG 540 
GGCAAGCTCG ATGCCCCTTT GATGCCACCC AGTCCACTGT GGCCATCTCT GCAGACGGTA 600 
GTTTGTACTC AGCCACAGCA GCAGATTTCC AGGCCAGTGA TGCTGTGGTT TACAGAAGCC 660 
TTGGACCTCA GCCCCCACTC CGTTCTGCAA AGTATGACTC CAAGTGGCTT CGAGAGCCAC 720 
ACTTTGTCTA TGCTTTGGAG CATGGAGACC ATGTCTACTT CTTTCTTCCG GAGAAGTCTC 780 
30 TGTGGAGGAC CCCCGGCCTG GGGAGGGTGC AGTTTTCCCG GGTGGCCCGG GTGTGTAAAC 840 

GTGACATGGG TGGCTCACCA CGGGCCTTGG ATCGCCACTG GACATCCTTC CTTAAGCTGA 900 
GGCTCAACTG CTCCGTCCCT GGGGACTCTA CCTTCTACTT TGATGTCTTA CAGTCCTTAA 960 
CTGGGCCTGT GAACCTGCAT GGGCGCTCTG CCCTCTTTGG GGTCTTCACT ACTCAGACCA 1020 
ATAGCATTCC TGGGTCTGCA GTCTGCGCCT TCTACCTAGA TGACATTGAA CGTGGCTTTG 1080 
AGGGCAAGTT CAAGGAGCAG AGGAGTCTGG ATGGGGCCTG GACTCCTGTG TCTGAGGACA 1140 
AAGTCCCCTC ACCCAGGCCA GGGTCCTGTG CAGGTGTGGG TGCAGCTGCC TTATTCTCCT 1200 
CCTCTCAAGA CCTGCCTGAC GATGTCCTGC TCTTCATCAA GGCACACCCA CTGCTGGATC 1260 
CCGCTGTGCC ACCTGCCACC CATCAACCTC TCCTCACTCT GACTAGCAGG GCTCTACTGA 1320 
CCCAGGTAGC TGTGGATGGT ATGGCTGGCC CCCACAGAAA TACTACAGTC CTGTTTCTTG 1380 
GCTCCAATGA TGGGACAGTG CTGAAGGTGC TACCTCCAGG GGGACAGTCT CTGGGACCCG 1440 
AGCCTATCAT ATTGGAAGAG ATTGATGCCT ACAGCCATGC CCGGTGCAGT GGGAAGCGGT 1500 
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CACCCCGAGC TGCTCGACGG ATCATAGGGC TGGAGCTGGA CACTGAGGGT CACAGGCTTT 1560 
TTGTGGCCTT TCCTGGATGC . ATCGTCTACC TCTCTCTCAG CCGCTGTGCC CGGCATGGAG 1620 

5 

CATGTCAGAG GAGCTGCCTG GCTTCTCTGG ACCCATACTG TGGATGGCAT CGGTTCCGAG 1680 
GCTGTGTGAA TATCAGGGGA CCTGGAGGGA CTGATGTGGA TCTGACTGGG AACCAGGAAT 1740 

10 CCATGGAGCA TGGTGACTGC CAAGATGGAG CGACTGGGAG TCAGTCTGGC CCTGGAGATT 1800 

CTGCCTATGG CGTGCGCAGG GACCTTTCCC CAGCCTCAGC CTCCCGATCC ATCCCCATCC 1860 

15 CACTCCTCCT GGCCTGTGTG GCGGCGGCCT TCGCTTTGGG CGCCTCAGTC TCCGGCCTCT 1920 

TGGTGTCCTG TGCTTGTCGT CCCGCGAACC GCCGTCGGAG CAAGGACATC GAGACCCCGG 1980 
GGCTGCCGCG CCCCCTCTCC CTTCGCAGTC TGGCGAGGCT GCACGGTGGC GGTCCTGAGC 2040 

20 

CCCCGCCTCC GCCCAAGGAT GGTGATGCAG CGCAAACGCC CCAGCTCTAC ACTACCTTCC 2100 
TGCCTCCGCC CGAGGGCGGA TCCCCACCGG AGCTGGCCTG CCTGCCCACC CCGGAGACCA 2160 
25 CGCCCGAGCT GCCGGTGAAG CACCTCCGTG CCTCCGGGGG TCCCTGGGAG TGGAACCAGA 2220 

ACGGGAACAA CGCTTCGGAG GCCCCAGGCC GCCCACGGGG CTGCAGCGCG GCGGGCGGGC 2280 
CCGCCCCGCG CGTGCTGGTG AGGCCACCGC CCCCTGGCTG CCCCGGGCAG GAGGTGGAGG 2340 

30 

TGACCACGCT GGAGGAACTG CTGCGCTACC TGCACGGCCC GCAGCCGCCC AGGAAGGGCA 2400 
GCGAACCTCT CGCCTCCGCC CCGTTCACCT CCCGGCCGCC TGCCTCGGAG CCCGGCGCCG 2460 
35 CCTTGTTCGT GGACTCCAGC CCGATGCCTC GTGATTGCGT GCCGCCGCTG AGGCTCGACG 2520 

TACCGCCCGA CGGCAAGCGC GCGGCCCCGA GCGGGCGGCC TGCTCTCTCG GCCCCGGCTC 2580 
CACGCCTGGG CGTCAGCGGC AGCCGAAGAT TGCCCTTCCC CACGCACCGG GCGCCCCCGG 2640 

AO 

GCCTGCTCAC CCGAGTCCCC TCGGGAGGCC CGTCCAGGTA CTCCGGGGGG CCCGGGAGGC 2700 
ACCTC CTG ™ _CCTGGGC ^^^ 

45 

TGAAGTCTCC ACTGTCGCCC AAACCGCCCC TCGCCACACC GCCGCAGCCC GCCCCGCACG 2820 
GCAGCCATTT TAACTTCTGA CAGAAGCTGC TAGCGCCCGT CGAGGCGCTG GAGGCCTAGG 2880 
50 CCTGCGGAGG CCGCTGGCCT TCCCGGACTC CAAGAGTCTC CCGGGGTCCC CTaCGCCTC 2940 

GGTTTATTTA TTGACTGTCT nCCCCCTGT CCTTTGGCGA GGAGCTCGCC GCTCGGAGCG 3000 
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CCAGCATTTC AGGGCACCTG GCCGACTCCC ACTCCCCGCT CCCTTCCAGC CACGCTGCCT 3060 
TAACTCGTCG CTCCGGACTC CCGCGGACTG GGCCCCGGGC GGGCCGGCCG GGGCTGGAGC 3120 
CGCGCGCTGT GTACAGAGTC CTCCGGCCTC CTGGGGCCGG GACGTGCCTC CTCCTACTGT 3180 
GTAGGAGCCC CCACC 3l95 



SEQ ID NO: 2 

SEQUENCE LENGTH: 2787 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
so ORIGINAL SOURCE: 

ORGANISM: rat (Rattus norvegicus) 
TISSUE TYPE: brain 

35 

FEATURE: 

FEATURE KEY: CDS 
40 LOCATION: 1..2787 

IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

ATGCCCCGTG CCCCCCACTC CATGCCCTTG CTGCTGCTGT TGCTGCTGTC ACTCCCCCAA 60 
GCCCAGACTG CCTTTCCCCA GGACCCCATC CCTCTGTTGA CCTCTGACCT ACAAGGTACC 120 
TCTCCGTCAT CCTGGTTCCG GGGCCTGGAG GACGATGCTG TGGCTGCGGA ACTTGGGCTG 180 
GACTTTCAGA GATTCCTGAC CTTGAACCGG ACCTTGCTTG TGGCTGCCCG GGATCACGTT 240 

55 
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TTCTCCTTCG ATCTTCAAGC CCAAGAAGAA GGGGAGGGGC TGGTGCCCAA CAAGTTTCTG 300 
ACATGGCGGA GCCAAGACAT GGAGAATTGT GCTGTCCGGG GAAAGCTGAC GGACGAATGC 360 
TACAACTACA TCCGTGTTCT TGTTCCCTGG GACTCGCAGA CACTCCTTGC CTGTGGAACA 420 
AATTCCTTCA GCCCTGTGTG TCGCAGCTAT GGGATAACAT CTCTGCAACA GGAGGGTGAG 480 
GAGCTGAGTG GGCAAGCTCG ATGCCCCTTT GATGCCACCC AGTCCACTGT GGCCATCTCT 540 
GCAGAGGGTA GTTTGTACTC AGCCACAGCA GCAGATTTCC AGGCCAGTGA TGCTGTGGTT 600 
TACAGAAGCC TTGGACCTCA GCCCCCACTC CGTTCTGCAA AGTATGACTC CAAGTCGCTT 660 
CGAGAGCCAC ACTTTGTCTA TGCTTTGGAG CATGGAGACC ATGTCTACTT CTTTCTTCCG 720 
GAGAAGTCTC TGTGGAGGAC GCCCGGCCTG GGGAGGGTGC AGTTTTCCCG GGTGGCCCGC 780 
GTGTGTAAAC GTGACATGGG TGGCTCACCA CGGGCCTTGG ATCGCCACTG GACATCCTTC 840 
CTTA<\GCTGA GGCTCAACTG CTCCGTCCCT GGGGACTCTA CCTTCTACTT TGATGTCTTA 900 
CAGTCCTTAA CTGGGCCTGT GAACCTGCAT GGGCGCTCTG CCCTCTTTGG GGTCTTCACT 960 
ACTCAGACCA ATAGCATTCC TGGGTCTGCA GTCTGCGCCT TCTACCTAGA TGACATTGAA 1020 
CGTGGCTTTG AGGGCAAGTT CAAGGAGCAG AGGAGTCTGG ATGGGGCCTG GACTCCTGTG 1080 
TCTGAGGACA AAGTCCCCTC ACCCAGGCCA GGGTCCTGTG CAGGTGTGGG TGCAGCTGCC 1140 
TTATTCTCCT CCTCTCAAGA CCTGCCTGAC GATGTCCTGC TCTTCATCAA GGCACACCCA 1200 
CTGCTGGATC CCGCTGTGCC ACCTGCCACC CATCAACCTC TCCTCACTCT GACTAGCAGG 1260 
GCTCTACTGA CCCAGGTAGC TGTGGATGGT ATGGCTGGCC CCCACAGAAA TACTACAGTC 1320 

ctgtttcttg gctccaatga tgggacagtg ctgaaggtgc tacctccagg gggacagtct i380 

CTGGGACCCG AGCCTATCAT ATTGGA\GAG ATTGATGCCT ACAGCCATGC CCGGTGCAGT 1440 



GGGAAGCGGT CACCCCGAGC TGCTCGACGG ATCATAGGGC TGGAGCTGGA CACTGAGGGT 1500 
CACAGGCTTT TTGTGGCCTT TCCTGGMGC ATCGTCTACC TCTCTCTCAG CCGCTGTGCC 1560 
CGGCATGGAG CATGTCAGAG GAGCTGCCTG GCTTCTCTGG ACCCATACTG TGGATGGCAT 1620 
CGGTTCCGAG GCTGTGTGAA TATCAGGGGA CCTGGAGGGA CTGATGTGGA TCTGACTGGG 1680 
AACCAGGAAT CCATGGAGCA TGGTGACTGC CAAGATGGAG CGACTGGGAG TCAGTCTGGC 1740 
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CCTGGAGATT CTGCCTATGG CGTGCGCAGG GACCTTTCCC CAGCCTCAGC CTCCCGATCC 1800 
ATCCCCATCC CACTCCTCCT GGCCTGTGTG GCGGCGGCCT TCGCTTTGGG CGCCTCAGTC 1860 
TCCGGCCTCT TGGTGTCCTG TGCTTGTCGT CGCGCGAACC GCCGTCGGAG CAAGGACATC 1920 
GAGACCCCGG GGCTGCCGCG CCCCaCTCC CTTCGCAGTC TGGCGAGGCT GCACGGTGGC 1980 
GGTCCTGAGC CCCCGCCTCC GCCCAAGCAT GGTGATGCAG CGCAAACGCC CCAGCTCTAC 2040 
ACTACCTTCC TGCCTCCGCC CGAGGGCGGA TCCCCACCGG AGCTGGCCTG CCTGCCCACC 2100 
CCGGAGACCA CGCCCGAGCT GCCGGTGAAG CACCTCCGTG CCTCCGGGGG TCCCTGGGAG 2160 
TGGAACCAGA ACCGGAACAA CGCTTCGGAG GGCCCAGGCC GCCCACGGGG CTGCAGCGCG 2220 
GCGGGCGGGC CCGCCCCGCG CGTGCTGGTG AGGCCACCGC CCCCTGGCTG CCCCGGGCAG 2280 
GACGTGGAGG TGACCACGCT GGAGGAACTG CTGCGCTACC TGCACGGCCC GCAGCCGCCC 2340 
AGCAAGGGCA CCGAACCTCT CGCCTCCGCC CCGTTCACCT CCCGGCCGCC TGCCTCGGAG 2400 
CCCGGCGCCG CCTTGTTCGT GGACTCCAGC CCGATGCCTC GTGATTGCGT GCCGCCGCTG 2460 
AGGCTCGACG TACCGCCCGA CGGCAAGCGC GCGGCCCCGA GCGGGCGGCC TGCTCTCTCG 2520 
30 GCCCCGGCTC CACGCCTGGG CGTCAGCGGC AGCCGAAGAT TGCCCTTCCC CACGCACCGG 2580 

GCCCCCCCGG GCCTGCTCAC CCGAGTCCCC TCGGGAGGCC CGTCCAGGTA CTCCGGGGGG 2640 
CCCGGGAGGC ACCTCCTGTA CCTGCGCCGG CCCGACGGCC ACCGCGGCCG CTCCCTGAAG 2700 
AGGCTCGACG TGAAGTCTCC ACTGTCGCCC AMCCGCCCC TCGCCACACC GCCGCAGCCC 2760 
GCCCCGCACG GCAGCCATTT TAACTTC 
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SEQ ID NO: 3 

SEQUENCE LENGTH: 929 amino acids 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
ORIGINAL SOURCE. 
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ORGANISM: rat (Rattus norvegicus) 
TISSUE TYPE: brain 
FEATURE: 

FEATURE KEY: peptide 
LOCATION: 1..929 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 

Met Pro Arg Ala Pro His Ser Met Pro Leu Leu Leu Leu Leu Leu Leu 

5 10 15 

Ser Leu Pro Gin Ala Gin Thr Ala Phe Pro Gin Asp Pro lie Pro Leu 

20 .25 30 

Leu Thr Ser Asp Leu Gin Gly Thr Ser Pro Ser Ser Trp Phe Arg Gly 

35 40 45 

Leu Clu Asp Asp Ala Val Ala Ala Glu Leu Gly Leu Asp Phe Gin Arg 

50 55 ' 60 

Phe Leu Thr Leu Asn Arg Thr Leu Leu Val Ala Ala Arg Asp His Val 
70 75 



65 



80 



Phe 



Ser Phe Asp Leu Gin Ala Gin Glu Glu Gly Glu Gly Leu Val Pro 



85 



90 



95 



Asn Lys Phe Leu Thr Trp Arg Ser Gin Asp Met Glu Asn Cys Ala Val 



100 105 110 

Arg Gly Lys Leu Thr Asp Glu Cys Tyr Asn Tyr lie Arg Val Leu Val 

115 120 125 

Pro Trp Asp Ser Gin Thr Leu Leu Ala Cys Gly Thr Asn Ser Phe Ser 
130 135 HO 
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Pro Val Cys Arg Ser Tyr Gly lie Thr Ser Leu Gin Cln Glu Gly Glu 
145 150 155 160 

Glu Leu Ser Gly Gin Ala Arg Cys Pro Phe Asp Ala Thr Gin Ser Thr 

165 170 17g 

Val Ala Ile Ser Ala Glu Gly Ser Leu Tyr Ser Ala Thr Ala Ala Asp 

180 185 190 

Phe Gin Ala Ser Asp Ala Val Val Tyr Arg Ser Leu Gly Pro Gin Pro 

195 200 205 

Pro Leu Arg Ser Ala Lys Tyr Asp Ser Lys Trp Leu Arg Glu Pro His 

210 215 220 

Phe Val Tyr Ala Leu Glu His Gly Asp His Val Tyr Phe Phe Leu Pro 
225 230 235 240 

Glu Lys Ser Leu Trp Arg Thr Pro Gly Leu Gly Arg Val Gin Phe Ser 

245 250 255 • 

Arg Val Ala Arg Val Cys Lys Arg Asp Met Gly Gly Ser Pro Arg Ala 

260 265 27Q 

Leu Asp Arg His Trp Thr Ser Phe Leu Lys Leu Arg Leu Asn Cys Ser 

275 280 285 

Val Pro Gly Asp Ser Thr Phe Tyr Phe Asp Val Leu Gin Ser Leu Thr 

290 295 3 00 

Gly Pro Val Asn Leu His Gly Arg Ser Ala Leu Phe Gly Val Phe Thr 
305 310 315 320 

Thr Gin Thr Asn Ser Ile Pro Gly Ser Ala Val Cys Ala Phe Tyr Leu 

325 330 335 

Asp Asp Ile Glu Arg Cly Phe Glu Gly Lys Phe Lys Glu Gin Arg Ser 
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Leu Asp Cly Ala Trp Thr Pro Val Ser Glu Asp Lys Val Pro Ser Pro 

355 360 365 

Arg Pro Gly Ser Cys Ala Gly Val Gly Ala Ala Ala Leu Phe Ser Ser 



370 



375 



380 



Ser Gin Asp Leu Pro Asp Asp Val Leu Leu Phe lie Lys Ala His Pro 
385 390 395 400 

Leu Leu Asp Pro Ala Val Pro Pro Ala Thr His Gin Pro Leu Leu Thr 

405 410 415 

Leu Thr Ser Arg Ala Leu Leu Thr Gin Val Ala Val Asp Gly Met Ala 

420 425 430 

Gly Pro His Arg Asn Thr Thr Val Leu Phe Leu Gly Ser Asn Asp Gly- 

435 440 445 

Thr Val Leu Lys Val Leu Pro Pro Gly Gly Gin Ser Leu Gly Pro Glu 

450 . 455 460 . 

Pro lie lie Leu Glu Glu lie Asp Ala Tyr Ser His Ala Arg Cys Ser 

„™ 475 480 

465 470 47b 

Gly Lys Arg Ser Pro Arg Ala Ala Arg Arg lie He Gly Leu Glu Leu 
485 490 495 

lu Gly His Arg Leu Phe Val Ala Phe Pro Gly Cys lie Val 

510 



Asp Thr Glu 



500 



"505" 



Tyr Leu Ser Leu Ser Arg Cys Ala Arg His Gly Ala Cys Gin Arg Ser 

515 • 520 525 

Cys Leu Ala Ser Leu Asp Pro Tyr Cys Gly Trp His Arg Phe Arg Gly 
530 535 



540 
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Cys Val Asn He Arg Gly Pro Cly Cly Thr Asp Val Asp Leu Thr Gly 
545 550 555 560 

Asn Gin Glu Ser Met Clu His Gly Asp Cys Gin Asp Gly Ala Thr Gly 

565 570 57 . 

Ser Gin Ser Gly Pro Gly Asp Ser Ala Tyr Gly Val Arg Arg Asp Leu 

580 585 590 

Ser Pro Ala Ser Ala Ser Arg Ser lie Pro lie Pro Leu Leu Leu Ala 

595 600 6 05 

Cys Val Ala Ala Ala Phe Ala Leu Gly Ala Ser Val Ser Gly Leu Leu 

610 615 6 20 

Val Ser Cys Ala Cys Arg Arg Ala Asn Arg Arg Arg Ser Lys Asp lie 
625 63 0 635 6 40 

Clu Thr Pro Gly Leu Pro Arg Pro Leu Ser Leu Arg Ser Leu Ala Arg 

645 " 650 655 

Leu His Gly Gly Gly Pro Glu Pro Pro Pro Pro Pro Lys Asp Gly Asp 

660 665 6 7o 

Ala Ala Gin Thr Pro Gin Leu Tyr Thr Thr Phe Leu Pro Pro Pro Glu 

675 680 685 

Gly Gly Ser Pro Pro Glu Leu Ala Cys Leu Pro Thr Pro Glu Thr Thr 

690 695 700 

Pro Glu Leu Pro Val Lys His Leu Arg Ala Ser Gly Gly Pro Trp Glu 
705 7 10 715 720 

Trp Asn Gin Asn Gly Asn Asn Ala Ser Glu Gly Pro Gly Arg Pro Arg 

725 730 735 

Gly Cys Ser Ala Ala Gly Gly Pro Ala Pro Arg Val Leu Val Arg Pro 
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740 745 750 

Pro Pro Pro Gly Cys Pro Gly Gin Glu Val Glu Vai Thr Thr Leu Glu 

755 760 765 

Glu Leu Leu Arg Tyr Leu His Gly Pro Gin Pro Pro Arg Lys Gly Ser 

770 775 780 

Glu Pro Leu Ala Ser Ala Pro Phe Thr Ser Arg Pro Pro Ala Ser Glu 
785 790 795 800 

Pro Gly Ala Ala Leu Phe Val Asp Ser Ser Pro Met Pro Arg Asp Cys 

805 810 815 

Val Pro Pro Leu Arg Leu Asp Val Pro Pro Asp Gly Lys Arg Ala Ala 

820 825 830 

Pro Ser Gly Arg Pro Ala Leu Ser Ala Pro Ala Pro Arg Leu Gly Val 

835 840 845 

Ser Gly Ser Arg Arg Leu Pro Phe Pro Thr His Arg Ala Pro Pro Gly 

850 855 860 

Leu Leu Thr .Arg Val Pro Ser Gly Gly Pro Ser Arg Tyr Ser Gly Gly 
865 870 875 880 

Pro Gly Arg His Leu Leu Tyr Leu Gly Arg Pro Asp Gly His Arg Gly 

885 890 895 

ArlTSe^L^tysTrT^al~A^ra 

900 905 910 

Pro Leu Ala Thr Pro Pro Gin Pro Ala Pro His Gly Ser His Phe Asn 
915 920 925 

Phe 
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SEQ ID NO: 4 

SEQUENCE LENGTH: 3432 base pair 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
ORIGINAL SOURCE: 

ORGANISM: human (Homo sapiens) 

TISSUE TYPE: child brain 
FEATURE: 

FEATURE KEY: 5' UTR 

LOCATION: 1..187 

IDENTIFICATION METHOD: E 

FEATURE KEY: CDS 
LOCATION: 188.. 2977 
IDENTIFICATION METHOD: E 

FEATURE KEY: 3' UTR 
LOCATION: 2978. .3407 
IDENTIFICATION METHOD: E 

FEATURE KEY: polyA signal 
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LOCATION. 3408. .3432 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

AAAACCACGG ATTGCGAACT CAGCGCAGCG CGTGGCCGCT GGCCGCCCGC GGCGATCTCG 60 
ATCCCGCTGA CCCGAATCCT GGAGTCAGAG GTTTCCTATC CCCCTCAAGC CCCCACAGGA 120 
GTCAGCAACC CAGGGCCGGC TTATGGGTGA GGGGGCACCC CCTGGGGCCT GAGCTGCCCC 180 
ACACAGGATG CCCCGTGCCC CCCACTTCAT GCCCTTGCTG CTACTGCTGC TGCTGCTCTC 240 
ACTTCCCCAT ACTCAGGCCG CCTTTCCCCA GGACCCCCTC CCTCTGTTGA TCTCTGACCT 300 
TCAAGGTACT TCCCCATTAT CCTGGTTTCG GGGCCTGGAG GATGATGCTG TGGCTGCAGA 360 
ACTTCGGCTG GACTTTCAGA GATTCCTGAC CTTGAACCGG ACCTTGCTAG TGGCTGCCCG 420 
GGATCACGTT TTCTCCTTCG ATCTTCAAGC CGAAGAAGAA GGGGAGGGGC TGGTGCCCAA 480 
CAAGTATCTA ACATGGAGAA GCCAAGATGT GGAGAACTG7 GCTGTACGGG GAAAGCTGAC 540 
GGATGAGTGC TACAACTATA TTCGTGTTCT TGTTCCCTGG GACTCCCAGA CGCTCCTTGC 600 
CTGTGGAACG AACTCATTCA GCCCTGTGTG CCGCAGCTAT GGGATAACTT CGCTGCAGCA 660 
GGAGGGTGAG GAACTGAGTG CGCAGGCTCG ATGCCCCTTT GATGCCACCC AGTCCAACGT 720 
GGCCATCTTT GCAGAGGGCA GCCTGTACTC AGCCACAGCT GCGGATTTCC AGGCCAGTGA 7S0 
TGCTGTAGTT TACAGAAGCC TTGGGCCCCA GCCCCCACTC CGCTCCGCCA AGTATGACTC 840 
CAAGTGGCTC CGAGAGCCAC ACTTTGTCCA GGCCTTGGAG CATGGAGACC ATGTCTACTT 900 
CTTCTTCCGC GAGGTCTCTG TGGAGGATGC TCGGCTGGGG AAGGTGCAGT TCTCCCGCGT 960 
AGCCCGAGTA TGTAAACGTG ACATGGGCGG CTCGCCTCGG GCCTTGGACC GCCACTGGAC 1020 



50 



ATCCTTCCTG AAGCTTCGGC TCAACTGCTC TGTCCCTGGG GACTCTACTT~TCTATTTTGA~1080 
TGTTTTACAG GCCTTGACTG GGCCTGTGAA CCTGCATGGC CGCTCTGCTC TCTTTGGGGT 1140 
CTTCACCACC CAGACCAATA GCATCCCTGG CTCTGCCGTC TGCGCCTTCT ACCTGGATGA 1200 
GATTGAGCGT GGGTTTGAGG GCAAGTTCAA GGAGCAGAGG AGTCTGGATG GGGCCTGGAC 1260 
TCCTGTGTCT GAGGACAGAG TTCCaCACC CAGGCCAGGA TCCTGTGCAG GAGTAGGGGG 1320 
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AGCTGCCTTG TTCTCCTCTT CCCGACACCT CCCTGATGAT GTCCTGACCT TCATCAAGGC 1380 
TCACCCGCTG CTGGACCCCG CTGTACCACC TGTCACCCAT CAGCCTCTAC TCACTCTCAC 1440 
TAGCAGGGCC CTACTGACCC AAGTAGCTGT GGATGGCATG GCTGGTCCCC ACAGTAACAT 1500 
CACAGTCATG TTCCTTGGCT CCAATGATGG GACAGTGCTG AAGGTGCTGA CCCCAGGTGG 1560 
GCGATCCGGG GGACCTGAGC CCATCaCCT GGAAGAGATT GATGCCTACA GCCCTGCCCG 1620 
GTGCAGTGGG AAGCGGACAG CCCAMCAGC ACGACGGATC ATAGGGCTGG AGCTGGACAC 1680 
TGAGGCTCAC AGGCTTTTTG TGGCTTTTTC TGGCTGTATT GTCTACCTCC CTaCACCCG 1740 
GTGTGCCCGG CATGGGGCCT GTCAGAGCAG CTGTTTGGCT TCTCAGCACC CATACTGTGG 1800 
ATCGCATAGC TCCAGGGGCT GTGTGGATAT CAGGGGATCT GGTGGGACTG ATGTGGATCA 1860 
GGCTGGGAAC CAGGAATCCA TGGAGCATGG TCACTGCCAA GATGGACCTA CTGGGAGTCA 1920 
GTCTGGCCCT GGGGATTCTG CTTATGGCGT GCGCCGGGAC CTGCCCCCAG CCTCGGCCTC 1980 
CCGCTCCGTC CCCATCCCAC TCCTCCTGGC CAGTGTGGCC GCAGCTTTTG CCCTGGGCGC 2040 
CTCAGTCTCT GGCCTCCTGG TCTCCTGTGC TTGTCGCCGC GCCCACCGAC GTCGGGGCAA 2100 
30 GGACATCGAG ACTCCCCGGC TCCCGCGCCC TCTCTCCCTC CGCAGTTTGG CCCGGCTCCA 2160 

CGGTGGGGGC CCAGAGCCCC CGCCCCCCTC CAAGGACGGG GACGCGGTGC AGACGCCGCA 2220 
GCTCTACACC ACCTTCCTGC CGCCTCCGGA GGGCGTGCCC CCGCCGGAGC TGGCCTGCCT 2280 

35 

GCCCACCCCC GAGTCCACGC CGGAGCTGCC GGTCAACCAC CTCCGCGCCG CCGGGGACCC 234.0 
CTGGGACTGG AACCAGAACA GGAACAACGC CAAGGAGGGT CCGGGCCCCT CACGGGGCGG 2400 
40 GCACGCCCCG GCCGGGCCCG CGCCCCGCGT GCTCGTGAGG CCACCGCCGC CCGGCTGTCC 2460 

CGGGCAGCCC GTGGAAGTCA CCACCCTGGA GGAACTGCTG CGCTACCTGC ACGGCCCGCA 2520 
GCCGCCCAGA AAGGGGGCCG AGCCCCCCGC CCCTTTAACC TCGCGGGCCC TCCCGCCGCA 2580 
GCCCGCCCCC GCCCTCTTGG GCGGCCCCAG CCCCAGGCCC CACGAGTGCG CCTCGCCGCT 2640 
GAGGCTGGAC GTGCCCCOCG ACGGCAGGTG CGCCTCTGCC CCCGCCCGGC CCGCGCTCTC 2700 
CGCCCCCGCT CCCCCGCTGG GCGTCGGCGC AGGCCGGAGG TTGCCTTTCT CCGGCCACCG 2760 
GGCCCCCCCT GCCCTGCTCA CTCGAGTCCC CTCGGGAGGT CCCTCCAGGT ACTCCGGGGG 2820 
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TCCCGGGAAG CACCTCCTGT ACCTGGGCCG GCCCGAGGGC TACCGGGGCC GCGCCCTGAA 2880 
AAGGGTGGAC GTCGAGAAGC CCCAGTTGTC CCTGAAGCCT CCCCTCGTCG GGCCCTCCTC 2940 
CCGCCAGGCC GTCCCGAACG GCGGCCGTTT CAACTTTTAA AGGGAGCGGT CCACGGCCTC 3000 
CAGCGTGGGG AGCGCCCGAG TCCTCTCGGT CACGAGCTGG ACGCTCTTCA GGACGTTTCA 3060 
CCGCCCCCTC GCCCCGCACC TCCAGCCTTC CCGACTCGCA GAGTCTCCCG AGGCCCCTTT 3120 
TCGCCTCGGG TTTATTTATT GACTGTCTTT CCCCCTGTCC TCGACAGAAG AGTGGGAGGT 3180 
GAGAAGCCCG TCTCCTCAGT GAGCCAGCAT TTCAGGGGGA GCTGGCGGAC TCCCACTCCC 3240 
CGCTCCCTTC CAGCCAAGCT GCCTTAACTC GCCCCTCGGG GCTCCCCCAG AGACTGTGCC 3300 
CCGGGCGGGC CGCGCGCGCT GTGTCCAGAG TCCTCGGGCC TCCTGGGTCT GGGACGTGCC 3360 
TCTCCTACTG TGTAGGAGCC TCCGCTTCCC AATACAGCCG TGTCTGCAAA AAAAAAAAAA 3420 
AAAAAAAAAA AA 

SEQ ID NO: 5 

SEQUENCE LENGTH: 2790 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDED NESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE. No 



ORIGINAL SOURCE": 

ORGANISM: human (Homo sapiens) 
TISSUE TYPE: child brain 

FEATURE: 

FEATURE KEY: CDS 
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LOCATION: 1.2790 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

ATGCCCCGTG CCCCCCACTT CATGCCCTTG CTGCTACTGC TGCTGCTGCT CTCACTTCCC 60 
CATACTCAGG CCGCCTTTCC CCAGGACCCC CTCCCTCTGT TGATCTCTGA CCTTCAAGGT 120 
ACTTCCCCAT TATCCTGGTT TCCGGCCCTG GAGGATGATG CTGTGCCTGC AGAACTTGGG 180 
15 CTGGACTTTC AGAGATTCCT GACCTTGAAC CGGACCTTGC TAGTGGCTGC CCGGGATCAC 240 

GTTTTCTCCT TCGATCTTCA AGCCGAAGAA GAAGGGGAGG GGCTGGTGCC CAACAAGTAT 300 
CTAACATGGA GAAGCCAAGA TGTGGAGAAC TGTGCTGTAC GGGGAAAGCT GACGGATGAG 360 
TGCTACAACT ATATTCGTGT TCTTGTTCCC TGGGACTCCC AGACGCTCCT TGCCTGTGGA 420 
ACGAACTCAT TCAGCCCTGT GTGCCGCAGC TATGGGATAA CTTCGCTGCA GCAGGAGGGT 480 
GAGGAACTGA GTGGGCAGGC TCGATGCCCC TTTGATGCCA CCCAGTCCAA CGTGGCCATC 540 
TTTGCAGAGG GCAGCCTGTA CTCAGCCACA GCTGCGGATT TCCAGGCCAG TGATCCTGTA 600 
GTTTACAGAA GCCTTGGGCC CCAGCCCCCA CTCCGaCCG CCAAGTATGA CTCCAAGTGG 660 
CTCCGAGAGC CACACTTTGT CCAGGCCTTG GAGCATGGAG ACCATGTCTA CTTCTTCTTC 720 
CGCGAGGTCT CTGTGGAGGA TGCTCGGCTC GGGAAGGTGC AGTTCTCCCG CGTAGCCCGA 780 
GTATGTAAAC GTGACATGGG CCGCTCGCCT CGGGCCTTGG ACCGCCACTG CACATCCTTC 840 
CTGAAGCTTC GGCTCAACTG CTCTGTCCCT GGGGACTCTA CTTTCTATTT TGATGTTTTA 900 
40 CAGGCCTTGA CTGGGCCTGT GAACCTGCAT GGCCGCTCTG CTCTCTTTGG GGTCTTCACC 960 

ACCCAGACCA ATAGCATCCC TCCCTCTCCC GTCTGCGCCT TCTACCTGGA TGAGATTGAG 1020 
CGTGGGTTTG AGGGCAAGTT CAAGGAGCAG AGGAGTCTGG ATGGGGCCTG GACTCCTGTG 1080 

45 

TCTGAGGACA GAGTTCCCTC ACCCAGGCCA GGATCCTGTG CAGGAGTAGG GCCAGCTGCC 1140 
TTGTTCTCCT CTTCCCGAGA CCTCCCTGAT GATGTCCTGA CCTTCATCAA GGCTCACCCG 1200 
50 CTGCTGGACC CCGCTGTACC ACCTGTCACC CATCAGCCTC TACTCACTCT CACTAGCAGG 1260 

GCCCTACTGA CCCAAGTAGC TGTGGATGGC ATGGCTGGTC CCCACAGTAA CATCACAGTC 1320 
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ATGTTCCTTG CCTCCAATGA TGGGACAGTG CTGAAGGTGC TGACCCCAGG TGGGCGATCC 1380 
GCGGGACCTG AGCCCATCCT CCTGGAAGAG ATTGATGCCT ACAGCCCTGC CCGGTGCAGT 1440 
GGGAAGCGGA CAGCCCAAAC AGCACGACGG ATCATAGGGC TGGAGCTGGA CACTGAGGGT 1500 
CACAGGCTTT TTGTGGCTTT TTCTGCCTGT ATTGTCTACC TCCCTCTCAG CCGGTGTGCC 1560 
CGGCATGGGG CCTGTCAGAG GAGCTGTTTG GCTTCTCAGG ACCCATACTG TGGATGGCAT 1620 
AGCTCCAGGG GCTGTGTGGA TATCAGGGGA TCTGGTGGGA CTCATGTGGA TCAGGCTGGG 1680 
AACCAGGAAT CCATGGAGCA TGGTGACTGC CAAGATGGAG CTACTGCGAG TCAGTCTGGC 1740 
CCTGGGGATT CTGCTTATGG CGTGCGCCGG GACCTGCCCC CAGCCTCGGC CTCCCGCTCC 1800 
GTCCCCATCC CACTCCTCCT GGCCAGTGTG GCCGCAGCTT TTGCCCTGGG CGCCTCAGTC 1860 
TCTGGCCTCC TGGTCTCCTG TGCTTGTCGC CGCGCCCACC GACGTCGGGG CAAGGACATC 1920 
GAGACTCCCG GGCTCCCGCG CCGTCTCTCC CTCCGCAGTT TGGCCCGGCT CCACGGTGCG 1980 
GGCCCAGAGC CCCCGCCGCC CTCCAAGGAC GGGGACGCGG TGCAGACGCC GCAGCTCTAC 2040 
ACCACCTTCC TGCCGCCTCC GGAGGGCGTG CCCCCGCCGG AGCTGGCCTG CCTGCCCACC 2100 
CCCGAGTCCA CGCCGGAGCT GCCGGTCAAG CACCTCCGCG CCGCCGGGGA CCCCTGGGAG 2160 
TGGAACCAGA ACAGGAACAA CGCCAAGGAG GGTCCGGGCC GCTCACGGGG CGGGCACGCG 2220 
GCGGGCGGGC CCGCGCCCCG CGTGCTGGTG AGGCCACCGC CGCCCGGCTG TCCCGGGCAG 2280 
35 GCCGTGGAAG TCACCACCCT GGAGGAACTG CTGCGCTACC TGCACGGCCC GCAGCCGCCC 2340 
AGAAAGGGGG CCGAGCCCCC CGCCCCTTTA ACCTCGCGGG CGCTCCCGCC GGAGCCCGCC 2400 
CCCGCCCTCT TGGGCGGCCC CAGCCCCAGG CCCCACGAGT GCGCCTCGCC GCTGAGGCTG 2460 
GACGTGCCCC CCGAGGGCAG GTGCGCCTCT GCCCCCGCCC GGCCCGCGCT CTCCGCCCCC 2520 
GCTCCCCGGC-TGGGCGTCGGXGGAGGCCGG-AGGITGCCl^^ 
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CCTGCCCTGC TCACTCGAGT CCCCTCGGGA GGTCCCTCCA GGTACTCCGG GGGTCCCGGG 2640 
AAGCACCTCC TGTACCTGGG CCGGCCCGAG GGCTACCGGG GCCGCGCCCT GAAAAGGGTG 2700 
GACGTCGAGA AGCCCCAGTT GTCCCTGAAG CCTCCCCTCG TCGGGCCCTC CTCCCGCCAG 2760 
GCCGTCCCGA ACGGCGGCCG TTTCAACTTT 2790 
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SEQ ID NO: 6 

SEQUENCE LENGTH: 930 amino acids 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
ORIGINAL SOURCE: 

ORGANISM: human (Homo sapiens) 
TISSUE TYPE: child brain 
so FEATURE: 

FEATURE KEY; peptide 
LOCATION: 1..930 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 

Met Pro Arg Ala Pro His Phe Met Pro Leu Leu Leu Leu Leu Leu Leu 

5 10 15 

Leu Ser Leu Pro His Thr Gin Ala Ala Phe Pro Gin Asp Pro Leu Pro 

20 25 30 

Leu Leu He Ser Asp Leu Gin Gly Thr Ser Pro Leu Ser Trp Phe Arg 

35 40 45 

Gly Leu Glu Asp Asp Ala Val Ala Ala Glu Leu Gly Leu Asp Phe Gin 

50 55 60 

Arg Phe Leu Thr Leu Asn Arg Thr Leu Leu Val Ala Ala Arg Asp His 
50 65 70 75 80 

Val Phe Ser Phe Asp Leu Gin Ala Glu Glu Glu Gly Glu Gly Leu Val 

55 



30 



35 



40 



45 



36 

BNSDOCID: <EP O960937A1 _t_> 



EP 0 960 937 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



85 90 ' 95 

Pro Asn Lys Tyr Leu Thr Trp Arg Ser Gin Asp Val Glu Asn Cys Ala 

100 105 HO 

Val Arg Gly Lys Leu Thr Asp Glu Cys Tyr Asn Tyr He Arg Val Leu 

115 120 125 

Val Pro Trp Asp Ser Gin Thr Leu Leu Ala Cys Gly Thr Asn Ser Phe 

130 135 140 

Ser Pro Val Cys Arg Ser Tyr Gly He Thr Ser Leu Gin Gin Glu Gly 
145 150 155 150 

Glu Glu Leu Ser Gly Gin Ala Arg Cys Pro Phe Asp Ala Thr Gin Ser 

165 170 175 

Asn Val Ala lie Phe Ala Glu Gly Ser Leu Tyr Ser Ala Thr Ala Ala 

180 185 190 

Asp Phe Gin Ala Scr Asp Ala Val Val Tyr Arg Ser Leu Gly Pro Gin 

195 200 205 

Pro Pro Leu Arg Ser Ala Lys Tyr Asp Ser Lys Trp Leu Arg Glu Pro 

210 215 220 

His Phe Val Gin Ala Leu Glu His Gly Asp His Val Tyr Phe Phe Phe 
225 230 235 240 

Arg Glu Val Ser Val Glu Asp Ala Arg Leu Gly Lys Val Gin Phe Ser 



245 250 255 

Arg Val Ala Arg Val Cys Lys Arg Asp Met Gly Gly Ser Pro Arg Ala 

260 265 270 

Leu Asp Arg His Trp Thr Ser Phe Leu Lys Leu Arg Leu Asn Cys Ser 
275 280 285 
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Val Pro Cly Asp Ser Thr Phe Tyr Phe Asp Val Leu Gin Ala Leu Thr 

290 295 300 

Gly Pro Val Asn Leu His Gly Arg Ser Ala Leu Phe Gly Val Phe Thr 
305 310 315 320 

Thr Gin Thr Asn Ser lie Pro Gly Ser Ala Val Cys Ala Phe Tyr Leu 

325 330 335 

Asp Glu He Glu Arg Gly Phe Glu Gly Lys Phe Lys Glu Gin Arg Ser 

340 345 350 

Leu Asp Gly Ala Trp Thr Pro Val Ser Glu Asp Arg Val Pro Ser Pro 

355 360 365 

Arg Pro Gly Ser Cys Ala Gly Val Gly Gly Ala Ala Leu Phe Ser Ser 

370 375 380 

Ser Arg Asp Leu Pro Asp Asp Val Leu Thr Phe lie Lys Ala His Pro 
385 390 395 400 

Leu Leu Asp Pro Ala Val Pro Pro Val Thr His Gin Pro Leu Leu Thr 

405 410 415 

Leu Thr Ser Arg Ala Leu Leu Thr Gin Val Ala Val Asp Gly Met Ala 

420 , 4 25 430 

Gly Pro His Ser Asn He Thr Val Met Phe Leu Gly Ser Asn Asp Gly 

43 5 440 445 

Thr Val Leu Lys Val Leu Thr Pro Gly Gly Arg Ser Gly Gly Pro Glu 

450 455 4 6 o 

Pro He Leu Leu Glu Glu He Asp Ala Tyr Ser Pro Ala Arg Cys Ser 
465 47 ° 475 480 

Gly Lys Arg Thr Ala Gin Thr Ala Arg Arg lie lie Gly Leu Glu Leu 
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485 490 495 

Asp Thr Glu Gly His Arg Leu Phe Val Ala Phe Ser Gly Cys He Val 

500 505 510 

Tyr Leu Pro Leu Ser Arg Cys Ala Arg His Gly Ala Cys Gin Arg Ser 

515 520 525 

Cys Leu Ala Ser Gin Asp Pro Tyr Cys Gly Trp His Ser Ser Arg Gly 

530 535 540 

Cys Val Asp He Arg Gly Ser Gly Gly Thr Asp Val Asp Gin Ala Gly 
545 550 555 560 

Asn Gin Glu Ser Met Glu His Gly Asp Cys Gin Asp Gly Ala Thr Gly 

565 570 575 

Ser Gin Ser Gly Pro Gly Asp Ser Ala Tyr Gly Yal Arg Arg Asp Leu 

580 585 590 

Pro Pro Ala Ser Ala Ser Arg Ser Val Pro lie Pro Leu Leu Leu Ala 

595 600 605 

Ser Val Ala Ala Ala Phe Ala Leu Gly Ala Scr Val Ser Gly Leu Leu 

610 615 620 

Val Ser Cys Ala Cys Arg Arg Ala His Arg Arg Arg Gly Lys Asp lie 
625 630 6 35 640 

Glu Thr Pro Gly Leu Pro Arg Pro Leu Ser Leu Arg Ser Leu Ala Arg 



645 650 655 

Leu His Gly Gly Gly Pro Glu Pro Pro Pro Pro Ser Lys Asp Gly Asp 

660 665 670 

Ala Val Gin Thr Pro Gin Leu Tyr Thr Thr Phe Leu Pro Pro Pro Glu 
675 680 685 
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Gly Val Pro Pro Pro Clu Leu Ala Cys Leu Pro Thr Pro Glu Ser Thr 

690 695 700 

Pro Glu Leu Pro Val Lys His Leu Arg Ala Ala Gly Asp Pro Trp Glu 
705 710 715 72 o 

Trp Asn Gin Asn Arg Asn Asn Ala Lys Clu Gly Pro Gly Arg Ser Arg 

725 7 3 o 735 

Gly Gly His Ala Ala Gly Gly Pro Ala Pro Arg Val Leu Val Arg Pro 

740 745 750 

Pro Pro Pro Gly Cys Pro Gly Gin Ala Val Glu Val Thr Thr Leu Glu 

755 760 765 

Glu Leu Leu Arg Tyr Leu His Gly Pro Gin Pro Pro Arg Lys Gly Ala 

770 775 7 8 o 

Glu Pro Pro Ala Pro Leu Thr Ser Arg Ala Leu Pro Pro Glu Pro Ala 
785 79 ° 795 800 

Pro Ala Leu Leu Gly Gly Pro Ser Pro Arg Pro His Glu Cys Ala Ser 

805 810 815 

Pro Uu Arg Leu Asp Val Pro Pro Glu Gly Arg Cys Ala Ser Ala Pro 

820 825 830 

Ala Arg Pro Ala Leu Ser Ala Pro Ala Pro Arg Leu Gly Val Gly Gly 

835 840 845 

Gly Arg Arg Leu Pro Phe Ser Gly His Arg Ala Pro Pro Ala Leu Leu 

850 855 860 

Thr Arg Val Pro Ser Gly Gly Pro Ser Arg Tyr Ser Gly Gly Pro Gly 
865 «70 875 880 . 

Lys His Leu Leu Tyr Leu Gly Arg Pro Glu Gly Tyr Arg Gly Arg Ala 
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Leu Lys Arg Val Asp Val Glu Lys Pro Gin Leu Ser Leu Lys Pro Pro 



Leu Val Gly Pro Ser Ser Arg Gin Ala Val Pro Asn Gly Gly Arg Phe 



Asn Phe 
930 

SEQ ID NO: 7 

SEQUENCE LENGTH: 170 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
ORIGINAL SOURCE: 

ORGANISM: human (Homo sapiens) 
TISSUE TYPE: brain 
FEATURE: 

FEATURE KEY~CDS 
LOCATION: 1..170 
IDENTIFICATION METHOD: E 
SEQUENCE DESCRIPTION: 

TGGCTGTATT GTCTACCTCC CTCTCAGCCG GTGTGCCCGG CATGGGGCCT GTCAGAGGAG 
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CTGTTTCGCT TCTCAGGACC CATACTGTGG ATGGCATAGC TCCAGGGGCT GTGTGGATAT 120 
CAGGGGATCT GGTCGGACTG ATGTGGATCA GCCTNCGAAC CAGGAATCCA i 70 

SEQ ID NO: 8 
SEQUENCE LENGTH: 18 base pairs 
SEQUENCE TYPE: nucleic acid 
'5 STRANDEDNESS: single 

TOPOLOGY; linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
HYPOTHETICAL: No 
ANTI-SENSE: No 
FEATURE: 

FEATURE KEY: CDS 
LOCATION: 1..18 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: 
TGGCTGTATT GTCTACCT 



45 
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40 SEQ ID NO: 9 

SEQUENCE LENGTH: 20 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
HYPOTHETICAL: No 
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/ 



ANTI-SENSE: Yes 



FEATURE: 



FEATURE KEY: CDS 



LOCATION: 1..20 



IDENTIFICATION METHOD: P 
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SEQUENCE DESCRIPTION: 
TGGATTCCTG GTTCCNAGCC 

SEQ ID NO: 10 

SEQUENCE LENGTH: 18 base pairs 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic 
HYPOTHETICAL: No 
ANTI-SENSE: No 
FEATURE: . 

FEATURE KEY: CDS 
LOCATION: 1..18 
IDENTIFICATION METHOD; E 
SEQUE N C E"D E S C R IP T 10 N : 
TGTGTAAACG TGACATGG 

SEQ ID NO: 11 

SEQUENCE LENGTH: 18 base pairs 
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SEQUENCE TYPE: nucleic acid 
5 STRANDEDNESS: single 

TOPOLOGY: linear 

„ MOLECULE TYPE: Other nucleic acid, synthetic DNA 

HYPOTHETICAL: No 
ANTI-SENSE: Yes 

15 

FEATURE: 

FEATURE KEY: CDS 

so 

LOCATION: 1..18 
IDENTIFICATION METHOD: E 

25 

SEQUENCE DESCRIPTION: 
TGCTAGTCAG AGTGAGGA 
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Claims 

1 - A gene encoding the following protein (a) or (b): 



(a) Semaphorin Y protein comprising the amino acid sequence shown in SEQ ID NO- 3 or 6 

I ;^ P ^f " Wh ' Ch comprises an amino acid sequence wherein one or more amino acids are deleted substi 

ouSc^° r add6d ^ amin ° SeqU6nCe Sh ° Wn SEQ ,D N0: 3 ° r 6 ' «« which SSs neunt 

2. A gene comprising the following DNA (a) or (b): 

(a) Semaphorin Y DNA comprising the base sequence shown in SEQ ID NO 1 2 4 or 5 
W DNA wh,ch hybridizes under stringent conditions to DNA conprising the base sequence shown in SEQ ID 
1 ■ 2 - 4 - or 5 ' and which encodes a protein inhibiting neurite outgrowth. 

3 " £ SEQ T£ S yln^ Ch h ^, ridi2eS Under Strin9ent COnditi ° nS to DNA com P risin 9 th « base sequence shown 
in SEQ ID NO. 7, and which encodes a protein having a semaphorin domain. 

A protein obtained by expressing the gene of any one of claims 1 to 3. 

JJET! C °Ti Si !] 9 °u A WhiCh enCOdes 3 protein ""^rising a" amino acid sequence in which one or more amino 

^ZSSZiST" and/or added in * e protein shown in SEQ ,D N0: 3 or 6 - ~o° 

A protein obtained by expressing the gene of claim 5. 



4. 
5. 
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7. A DNA which is cloned from a human cDNA or genomic library and which hybridizes under stringent conditions to 
DNA comprising at least part of DNA consisting of the base sequence shown in SEQ ID NO: 1 or 4. 

8. An expression plasmid which expresses either the gene of any one of claims 1 -3 and 5, or DNA of claim 7. 

5 

9. A transformant transformed with the expression plasmid of claim 8. 

1 0. A process for producing a recombinant protein, which process comprises culturing the transformant of claim 9, and 
recovering the recombinant protein expressed. 

10 

1 1 . A peptide comprising at least six amino acids of the protein of claim 4 or 6. 

12. A peptide of claim 1 1 which promotes neurite outgrowth. 

is 13. A peptide of claim 11 characterized in that it contains aspartic acid residue at position 198 of the amino acid 
sequence shown in SEQ ID NO: 6 or an amino acid residue corresponding to the position of said aspartic acid res- 
idue. 

14. An antisense nucleotide, or chemically modified variant thereof, which is directed against a segment comprising at 
20 least eight or more bases in the gene of any one of claims 1 -3, or in DNA of claim 7. 

15. An antisense nucleotide or chemically modified variant thereof of claim 14, characterized in that it inhibits expres- 
sion of the protein of claim 4. 

25 16. An antibody against the protein of claim 4 or 6, or against the peptide of any one of claims 1 1 to 13. 

1 7. A pharmaceutical agent comprising, as an active ingredient the gene of any one of claims 1 -3 and 5 t DNA of claim 
7, the protein of claim 4 or 6, the peptide of any one of claims 1 1 to 13, the antisense nucleotide or chemically mod- 
ified variant thereof of claim 14 or 15, or the antibody of claim 16. 

30 

18. A method of screening for Semaphorin Y antagonists, characterized in that it employs the protein of claim 4. 

19. A Semaphorin Y antagonist obtained by the screening method of claim 18. 

35 20. A Semaphorin Y antagonist of claim 1 9 which comprises the protein of claim 6, the peptide of any one of claims 1 1 
to 13, or the antibody of claim 16. 

21 . A CNS-neuron regeneration promoter, characterized in that it contains at least one of the antisense nucleotides or 
chemically modified variants thereof of claim 14 or 15, or Semaphorin Y antagonists of claim 19 or 20. 

40 

22. A neurite outgrowth inhibitor for PNS-neuron, characterized in that it contains at least one of the proteins of claim 4. 

23. A transgenic animal in which either the gene of any one of claims 1 -3 and 5, or DNA of claim 7 has been artificially 
inserted"into"its^hromosome, or has"been knocked out: 

45 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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